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PREFA’CE 


Since th? publicati*n of Ihe /irst in kTlO, rapid 

• t 

•progress has been made itj Coking Practice, and the autliors 

* 0 

have realised for some co^isideraWc time the necessity foi; a 
second edition to bring tlie matter iip’tu date I'he public^, 

t ' 

tion h;fs, however, been delayed tlirongh the exigencies of 

the IfnropVan War, and in ad*liuon the authors haw Ijccn 

• * * • • 

nnable to devote thca'r lime to tlie extent merited by tjje 

importance of the subject. • It has !»ccn felt, h<jwcvcr, tfc.it in 
vieTv of the national aspect of tlu^ enking and by-product 
industry, the antl^prs’ c’ontinucd experience sh*)nld Jje,.cm- 

boebed as soon as possible, and, iifConstfiuence, it has bcfat 

• * • « • 

thought advisab! r,to issue the new edition in two volume.s. 

TheTirst valumc dealing with Coking Practice,•Kaw Material^ 
etc., appear* in its [present form, ^o be followed ahy the 
second volume dealing with liy'Products. Statistical pjatter 
has Ijccn br*)nght up to ll^te as far as possible, av»iding 
figures abnormally affectej hy the w.tr condition! The 
various chapter.s*jjf^hc''first .dftioll have*lDeen con.s'dj’rably 
Amplified,’additional yietlwds of analysis have been ins^’rted, 
and certaiji ph^siya! fc'its Have been mtrodiicei^.* The illus¬ 
trations have foi t,h(?rnost part been re-draWn In'gifnerat 
* .*•**!•** 
the coke ovens and appliances fl^iscnbed are# such'as have 

found’*favour*in the ^Un’itdy. Kingdom, and yhe aufhfiis#are 
incfel7te5 to various coke iSvcn biyldhig firms foJJfecent 
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, , . . f. ( ' , 

ir.lormation, Tj'ie .authors haV(; ^endeavoured as far as possible 
to q' Kite Inferences wl|cre in.'dter ixMtsidc their own experience 
has txien inserted, ani^ stroni^iy recommend a perus,q of the 

r * 

origiiiiil'matterrso quoted. They conclude with the hope that 
'the secqVid eijitiop of this wArk may plai^’ its part hi brinij' 
int,' before the publicVhb value of the coke a'ud' byqrroduec 
• industries as'highly essential lr,-anches in the rqlnini;, metal¬ 
lurgical, and chemical industries of this country. 

J. I-:. CMKl.STOI'HER. ' 
11. liYROM. 

Mav l!)17 

.PREFACE TO THIRD EDITION 

« • 

•SlNCK the |iublication of'the second edition, the conclusion 

of' the‘'h'ur''ii)Ci'n \Var has left an aftebiiath of unsettled 

c^aiditions a_nd industrinl^inicst in this coiinti)- which must 

seriously retard the development of the cokinq industry. 

•Whilst cndeavmirinq in this edition to biiiiq statistical matter 
' ' ' . ' . ' . 
up tc^k'te, the authors consider it adv,'sable to iiablish details 

of the miAf recent designs and methods in the form of 

f 

'Appendices,to each volume, in die hope .‘hat the time is not 
far'dist^ant when more stabilised conditions will allow the 
scie.ntifip and'ccoptxjiic ylovek, pmenl of ap Mclustry which, 
.T'lr.hiq the recent yeans pf national stres?., h.as proved its value 
as a ^'Ction of the ke)' industry of c'oal rarbonisation. 

J. 1-:., TTiRTSTOPHKR.' 

T. H. BYKOM. 

1920 
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MPDBRN* OOKIINU t'KAG: 1 llJli . 

CHAPTER I 
IWTRODUC/TION 

cuKii IS tne solid residue resultinf; from the destructive 
distillatien or partial coi’jbustioit of coal. The ^volatijc 
mafter is e.xpelled by heat, leaving a residue, the character of 
which varies according to the nature of the coal treated, and 
acc^trding to the temperature 4o which the coal has been 
subjected. p <■ * 

The object of this “carbonisation” of coal is to obtaiji , 
from it certain products,*solifl, liquid ior gaseous, each h.^ving. 
cfcfiwite advantages over the raw •oal ,in the industries in 
which th«y arc to be emi^oyed. * , • 

'Phis book dea^i with those processes of jles1ruct^e»di«- 
tillation in which the primary objAt is \he manufacture oi 
a .solid residue, coke, of *vell defined chaVacter physically aiid 
chemically. In m.tny cases this is the sole ohjijct, but 
during thi? fast quarter of,a ce»tury methods of i.lanukctilre 
have been developed vvliich, without Sacrificing the es'tT'Utial 
quality of the coke,* have alknterl valuable prisductsVtar, * 
ammonia, begzol, eSc.—to *1:^? abstracted •from the vo^itile ' 
mfitter evolve^l. , • , , * 

♦These have»ay:racted^ c;ohsten4ky inerpa'^ng •attentiyn„and , 
of late years therc^iai been a steac^^iiycrease in the nimifie^', 
Wrecking plants recovering by-product.+. “ Modern* C^ing 
Practice” ftiust therefore irKlude this•importailt»branch of 
tht industry.# * , ^ , » 

During the last ten years or »o«theitgis proji;.v;ed in works 
primarily set out for coke maflufafture }ia5 been more 
efficiently dealt with, and*tfie European VV.-jr ha^ brpught 
horSe*to*thft country the fact tljat, after all, hit'll iHunlinating ' 
value is not a si'ite qua tion in our lightiilg probltVns. * • 



2 MOrjER!| COKING PRACTj^CE; 

It is jnortf than l;kely that in this country a calorific 
stalfidarcl which can,b«>mfct byrCOKc oven gas <i/ill be sub- 
stitijtecl.'and g£fs must tljerefore be considered in cur ifst of 
by-prqilucts. c < - ' 

'fh e rgain'product of a coke plariti is “ metallurgical’oi; 
(“ fufuate ” ooke/ an^ practically the t/hole ,of in this 
country is used in binft',furnaces and foundties. The coke^ 
industry is Ishu's kargely efeperydent on the parent industVy of 
iron mantfacture. . ” ’ ' /' 

This, js shown iij F;;^. 1, which indicates the effect of 
fluctuations in tfii- pig-iron output of the three great iron 
producir<g countries of the world. The manufacture of iron 
(J.ates back to a very early period, charcoal being the fuel 
^chiefly used in the first attenipt.s. In 1619 Dudley en¬ 
deavoured to substitute coke for charcoal, but his efforts were 
not seriously followed up, apd more than a century elapsed 
tefore Abraham Darby reopened the question, and in 1735 
(Successfully used coke in a blast furnace. 

< J'he invention of Jhe steam engine in 1781, and the 
introduction of thejmddling process by Cort in 1784,„gave 
an impetus to.the iron ti'ade, which advanced still ^further on 
thb iirtrodifttiqn of hot blast by Neil.son ?.i 1828. Two other 
.landmarks in the Gistory of the iron and steel industry are 
fhe inventions of Sir Henry Bessqncr in 1855 and Sir VV. 
Siemens in 1861. These processes of steel manufacture 
'provided ample opportunity for expansion in 'tl e pig-iron 
indu^cry, but' they could only deal with non-phosphoric iron. 

(The basic process of Thomas anji Gilchrist (1879) was 
’pro^’ed capable of removing phosphorus) add rendered avail¬ 
able fpr use the enormous deposits of ore in'the Clbvel^ind 
dis(riqt, and ■ particularly ,jn tG6rmany. Tli/' whole of., the 
.Gerfhan steel inhu,stry |n)ay'b(; said'to *haye been built on the, 
result oY this invention of a basic proces.sf . ^ 

The development of the coke inchistry in reoent years, in 
symp;(.t^Y with the advance in the iron ihdii,stpy,'is showE in 
Fig. I^and js emph^.spsed«b,v the facf that the world’s output 
of coke has 'OQ.en doubled'' within the period covered by the 
ch^arj:; the present annual output throughout the wolM being 
well.(V'er 100 miUion tons. ^ ' . , . , > ^ 

, Along vvhth this.‘development there has been an equally' 
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importan* chanj^e in the p?op(?rtion c&Ue in ovens 

^esi^i!e<5 for the recovery < f by-^ro4yjts. At the present 
time Germany stands first in this respect, am* approjimrftely 
90 per cent* of her coke is itiade in “ recovtcry ” ovetni. In 



th^United 'S^at«s flie latest othcial rerufns shoi^^riO per^ 

cent, of their coke a* be*ng madc^ii* by,-groduct oveTis." * • 

. In this country we may estim.lte ajjropo^tion of*T5 per 
cent. as*being*made witft fccovery of by-products. Offiyal 
figuffeS sHow»that*in Great Britain 2.5,bl4 bfe-h*ive gv^i^s’.were 
in operation iTi^lOOf), togetlier w'ith 5,1^0 by-p»oduct ftvejis, 
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; , _ " , ' 1 ' *1 , r , 

whilst in,. 191h the ngf’.res were 13 ,l 67 and 7fS39 respectively. 
TJiere are now about,?,,700 by-pf odu’ct ovens in‘operation in 
Great Rritain.'and approximately 15.1 million tows of coal 




Fic. 2. 

A. Coke ffom By I'roduci Ovens-t'Oreat Britain. ^ 
B .Sulphate of Aii^fnoiiia— Gicjt Br am 


'' are' treated in by-product o^etis, and“ rnillion tons in 
bee-h've ovens. . ' , 

• ,Tbe phebomenal incrcah* I'n, the output of by-prcduct 
cch'6 is shown in Fig../, tTie upper cir’vr showing the actual, 
output of sulphate"of ammonia from coke ovens, the l?r;*er 
curve being averaged. 


Thousands oi Tons. 
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C^ASSlfflCATION OF •purJUS, . 

a, ■ • - 

Mos? of the operations in tne mainr icture of iron and steel 
are dependSnt on heak in ^onte tjr Qthfr. Stnerally 

sf^aking, anything that can be practically employed for the 
generation of heat may be classed as fuel. 
h^uels*iiay be divided inUj thrcc'clas.ses :— 

Solid. —Coke, coal, wood, charcoal, peat, lignite, etc. 

Liquid .—Petrolciun and its derivatives. « 

• ’ Coal tar and it.s (rerivati\es, 

' * , Shale o?ls, alcohol, etc. 

Gaseous. —Lighting •gas* coke o^cn gas, producer ^a.s, 

. . ^ blast furnace gas. water ras. etc. 

They qpay also be clasijpd as;— 

Org^lnic. 

Inorganic, 

• 

Dealing with th^ first* classification, the solid fuels are the 
most important of the scries. Apart from beijig tha mo.s^ 
extensively used in their raw stittc, thc^ form thf t?ases*from 
which a great proportion of the Jiquia and gaseousifuels^are 
prepared. Thus, coal far is derived from coal, whilst all <he 
ga,seous,fuels, ^vith ftie exce^Vion of natural pas. aVe ma^ii., 
factored from .splid fuels. , 

The output t)f,coal tljrouglfoijt* Uie In lOl.'l, whs 

•about 1,250 millioi?ti#is, whilst the cai^pat of petroleum ftns 
in*'i'D12 about 50 millism tens, or only 4 fer cent, of the ;ioal 
output. Liqtiid fu5J hafi jnarked advantages ovel*,fblid fuels 
uneftr certain«c(fnditionj, but unless new oil iield^a#-* dis¬ 
covered and developed at an (Si^mSus rate^ the rjorld’s 
industrjr will in the main depend on'soljd fuel, f 

The solid org^anic .[uels e^ist in yaturc in. many^varietd 
«form.s, «in3 whilst'there may be rmich contree-ersy aS to^tlieir 
mani^r of formation, we^^ take it that they ar^ all formetl 
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frojn orig^inal vegetable nyitter chg^nged by ^>ac^rla,l action, 
pressure^ heat, etc,, f/rto tlie cpaJ'ticular form in which ,«ach 
variety is now found , ,, 

Tffe changg in phy.sical structure agc^chemical composijiion 
depends 'largely on the geological a^e, a^id in this rcsp*:ct v/S 
'may classify'fucfs fr®m, v)' 00 (l, which has not ,ihydrgone any 
, change, tp antl»;acite*, iiV which the ch'ange in physicaj, and* 
chemical condition is most mt,rli-,ed. >i • • ' 

The transition is indicated by a gradual increase in carbon 
content'Snd heatipg*valbc,, and a simultaneous 'decrease in 
hydrogen and oxygen content, as shown in Fig. 3, which aVio 
gives an',i|)proximatc idea of the yield and nature of the solid 

o ho' 

r o ’’ "ro . I WOOD ts3 woody siructure 

t ■- 1 PEAT g-~Cc?a POWDER 

tcS!S35“vr7- " T- 1 lichIte powoe! ' " 

------ r m -1 FLAMING COAL’Ei'SJS^CSa sinter ■ 

gas coal coke 

. tcc::. - - H KOKING coal’ COKE 

, lean coal HrS injfr . ■ 

I c" Y -“-J] t,NTHRACITE g; ’ 

graphite powder 

J- /oa % -—fi -0—► ^- ICO X-► 

Fig. 3. , 

, I 

rcsidVie left o,n strongly heating the various classes in a closed 

, ^ V M ' ' 

retort. , i ,. 

■Dealing with the above fuels seriafii/r — 

, vWooEt:—Th is fuel is not of Very grdat importanc^e at the 
prcsef.'t time. It coniists mainly of some form of cellulbse, 
and )*hen fr&shly'cut contraihs a high prppfirtion of water. 
..ET^'n when carefully ?l"-dritd it retaitVs'lS to 20 per cent. ■ 
moifture, and contequently its calorific value is low.'^'Tt 
ignites vavf readily, however, add v iisefu'i in klpdling other 
fuels vt.ire difficult to ignite. ' « *’ 

CharcoEili -This ic oBjained by destructive distillation of 
wood. The peld of tharcoal is low, especially if the 
temper,aturc employed,is high.. If cotjrpletply carbonised, the 
chalcPal Consists'almost entirely of carbon'and pdssfesses a, 
high calor\lTc value. Charcoal ,ha,s been oof consid^abie 
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. •- I • . 

impottance^in iron binciyu”, uui vviiiT very icw e.'^fptions is 
now replaced by coal or cbkii, ^'h(?i»llowing by-products 
are obtavied in modern charcoal plants i-s- * 

I Gas. 

V Qod ^r, phviolii, creosette, resms, etc. 

Pyroligneous i^cid, acetic acid, acAone, methyl alcflholj 
' etoi 

- Charcoal. ' 


Peat.--1> cat is a«con>pact f^ous* supstance,, brown to 
Slack in colour. Its composition varies largely according to 
age. As in the case of wood, it is not an efficient Clel owing ^ 
to the dtnount of water it»Jiold.s,'which, owing to its peculiar 
physical structure, even in the air-Mricd material, often 
amountk to 25 per cent.* The ash content is very variable, 
.softietimes 'as high as iiO per ceift. In spite of the drawbacks 
oFexcdssivp moisture,-'efforts are being made to utilise 
to better advantage by carbonising it, thereby producing "|>e 3 t , 
charcoal” and quantitic.s of tar, oils, [feraffin wa.x, asphalt, and 
power gas, etc. Feat, if treated|*in tertain forms of gas ^ 
producers, is capaj^le of Riving as much as 90-lbs. of sulphate 
of ammonia per ton of air-dried peat, along*vitl* as fttutft^rs 
• 90,000 .cub, ft. {)f producer gas (heat v^aftie, 150 B.Th.U. per - 
cubic foot), • • • 

Ilignj^ft.—Lignite is a brown earthy-looking minefal, often^ 
known as,“^rown coal."- It» physical and chtlmical char¬ 
acteristics lie betwcf|n those oC peat^and the truj coals. In 
the most recently fbrmcd varieties the woody 'fibre r# not* 
completely fnineralised, and the gases oh distillation /ihgrw'’, 
signs of acotic acid, etc. , OUier i^rrieties are harder ’and • 
da'rkcr in coloui^having*lost*tcfti^great'txtdlit any,figBS of^ 
woody structure, wjfllst the oldest \«{ieties merge into a^blagl^ 
pitch-like substance tallsd ” pitch coal.* The ash cond^nt is 
extremely variable, ahd'Bsuhliy on tjie'hlgh sid^. • ^ 

Lignite Rs not fousd in any great quantity in tj;ii»#q,untr;i, 
but extensive beds are worked (Jr^the*OBntineai:.« In Germany 
about one-thied of the cea^productiop.js in t#ie”form of lignite, 

. argl^oyns the Ijasis nf a very extensive briquette ihduatry. ■ 
Bituminous Coals.—Sorr*; of dies* coals -onVburninfA 
soften and swdl like bituijien, and henc^ the titlq“bitui?iineus” 
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(•though 
includes:— 


r . t - * 


\ Flailing Coals.-^-'Long flam^, rich in oxygen, norj-caking. 
(rra4fj—(iaking. ^ 

Cal’h-g (^oah. —Strt)ngly faking. ' 

*.Sham — Q,nlj'^lightly ialans; 


• The firtt iUidSvihl variety are non-caking; and<do not cffme 
within the .scope of this \j'ork. *Sdme coal.s of the first vari^y, 
such as splint coals, arc; us^ direct in the blast furnf.ce, whilst 
the names of the dkhers indicate tlieir s*pecial qualities. The 
steam co^ls merge through a semi-anthracitic variety to the 
true anthracite. . 


‘Anthracite is the,most altert'd variety of coals, befrig 
rich in carbon, and having a shining .semi-metallic lusjre. It 
is non-caking,»«nd extremely^dcnsc, requiring a .strong blast, 
for efficient combustion. Tike splint coal it may be used 
olfPR in a blast furnace. The remaining “solid ’’'fuel, coke, 
is dealt with at length in^later ch»ptefs. 

Liquid Fuels.—For certain definite purposes liquid fuels 
’are'extremely arnvenient^ and possess marked advantages, 
Thoy. ji^ve a«high calorific value, and'owin^’ to their physical 
condition, can tie bmmt with a high degree of efficiency. 
Thus they can readily be sprayed or ^atomised, and rfiercby ' 
brought into more intimate mixture with tfie air for com.bus- 
Tion thar! is ,'■)o.s^ible with a bed of coal or other soltchfuel. 

Some are Teadily vaporised and, ¥/hen mixed with the 
falculated f.fnount of air foil'complete Combustion, form an 
expletive mixture utilised in intei'aal combuisfion engines. ‘ 
‘Tne heavier oils arj admira'ble fuels for Boiler firings 
Solid fuels require a certain .dearth on the graie, and unlqgs 
*th.e l^dr is evenly spread* tire .air takes ^ #?lcctive pas.^age, 
^rfd unevan combustion tSlces place. ^ This‘depth of fuel alsa^ 
entail?‘a comfarativeiy.stromg driqight aj tho chimuey, whiksA. 
variations in the load cannot always be met tidthout "e.xce.ssit* 
heat Ids^s.*' Liq'uid fucl^ of{er.^the folloA'Ing advantages:—^ 

1. KconbiAy in storage space. , 

S&ving.of labour in hantllmg, etc. 

«3^ Absence of clinkering (no ash). 

, 4. Vari^le load? can readily bejnet. 
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f .* ^fficflbnt combivition, hen%e I(?ss'smoJ-v:, easily 
secured, and ll;s^draAJgfft»necessary. ^ * 
tf. No boiler losses used in internal ccfmbustion 
* engines. 

^ subjeA of licjuid fuel% lias increased ip importance 

during^th8da.?t few years t<? tlie mo^ie^rn eok^ iruiustry.* • ^ ' 
*• It is probalile thit in future y»ars>the cijife industry will 
depend largefy og internal ci^mbustion engines for its market 
for benzol. The use of bcn/.ol for tl^i.s purpo.se is*discussed 
in the chapters dealing with tlfe re,«i6veiy ol, bijnzol.* • 

^ Gaseous Fuels. —These are mi.xtures of elementary gases 
and vapours, some combuUible, others incombust.bic. Of 
the combustible, some have, considerable lighting effect suoji 
as olefiant gas, benzenes, etc., and afe usually classed as 
“ illumiicants,” or (.'„1I,„. Others are of value for their heat- 
f)r«hicing cupacity, such as hydrogen, methane or marsh ga.s, 
aiuJ 'caibon monoxidic Tlie incombustible gases—ca’bi'jj 
dioxide, oxygen, nitrogen—merely reduce the calorific valu* 
of the mi.xed gas, and are often knowS as diluents. 


AnAI.VSIlS of y.lRIOUS klNliS OF G/VS. 
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coal gas ; * ^ .5 - proiluccr ga^i(with amin(,iiia1ccnv^ry); 

C = coke oveij gas ; , * ^‘ = imc«rburel'^‘(^ uatcr g.i|(“ blue ” gas); 

J = produce» gas (wilt^ut sleauif; 7sscarlnireye^ water gas ; * 

^=producer g*s (with stctyij); 5= suet ion'producer gas. 

The advantages of gaseous fuels, may /in general be 
summe’ef up a,'?:— 

Better Regulation of temperature. • 

2. OxitJi.'iing or rgducing atmospl^ere proPjiced at wHl, 



I ^ ^ I p 

3. iiigher tempCTatures cap ^be obtained y(bfy_. using 
rc(^eneraftors).c , f 

4. Shorter chipineyS requyed. 

5. Abs9ijc4' of smoke under normal condftiol’is. 

Oi Srejter thermal effiticncy if'ifsed in* internal 

‘bus{ion»engipes. * 

Inorgapic fiiuis areA)f mineral and not of ve*ge^able origW. 
‘The chief inorganid fuels are :-t- , 

Sulphur, silicon, f.hosphorus, aluminium. 

SulpHiiractp as^a Ibel'Kthc’'calcination of ores fontaining 
sulphur (usually in the form of iron pyrites). In sdtne casej 
' there is sufficient sulphur in the ore to give quite enough heat 
teJ complete the calcination'withotit addition of coal , 

Silicon.—The action of silicon as a fuel is a very important 
one. The success of the Bessemer acid process of .steal manu¬ 
facture is entirely dependent on the heat caused by tho 
oxidation of silicon. In this prcicess some 15 ttorts.of 
iliolten metal containing 2 per cent, silicon is 'run into a 
^ cortverter.” Air is b>own througfi the molten metal to 
oxidise the silicon and otf^er impurities. The silicon becomes 
oxjdi^ed to, silica, and combining ivith other oxides passes 
irtto tlie slag i*i the* form of silicates, ^fo external heat is 
^'applied, anjd yet artep twenty minutes’ blowing the tempera¬ 
ture is,much higher. The heat cauced ^ly this oxi(3ation is 
• equivalent to .that given off by 8 cwt. of coal burning.away 
coinpfetely ii\ twenty minutest 

Rhospt'iorus acts in a similar mannej; in the basic Bessemer 
. protJiss. l^ig-iron for this process shoiV.d cojitain from 2 to 3 
perVent. oV phosphorus. The pHosphorift beco^ncs oxidised, 
and is* taken up by liilie and other basic materials pre.setit, 
forlisimg slag. ‘ / ’ . , ‘ * ' . . ^ 

•» ^luipinium is new, actually used %.s *a fuel for special 
purposes. The heaf which can be generated is quite equai^ 
that prodheed in ele'ctrjc furnafes.^ Alurrfinium*^as a ve'ry 
*,stro»g»tifinity for oxygen, and if brqqght ifitck contact \\1th 
metallic oxidts takes, 'up ‘^htir oxygen, leaving the met»l in 
an almost pure'state./,If oxide of iron be used, the iron pro- 
dul;ed peaches-such a tr;mperaUire th^t if poured into blow 
holes,fn castings,'etj., it aotually fuses the sutface flf* the‘, 
caking, becoming \jrelded to it; ,For tWs purpose,the 
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alumiijiftnj rnast be in'fine granulaT state of dwision, anc 
mi^t be m’ixed in definite^rtjportioS V) the oxide, acceyfiinf 
to the formulae:— ^ ^ 

‘ :iFeO + 2Al = :tFe+Al.,0/ 

Fe^ 03 -t- 2 Al=i;Fe + \l,,O., 

:tFe.A + !?Al = 9F(;-t4AI,Ct, 

•This mi>iture is placed in a crficihlc cpvtfe(> w’ith a smal 
prt^portion of a*priming infxturc ofi aluminium r*nd bariun 
peroxide in the following proportiy/i :-t- ,, 

. • ;!BaO.,+4Al = dI!a + 2 Al' 63 .’ 

^ ' * # 

This priming mixture, on beipg ignited by means o 
magnesium ribbon, brings’* about a local heat sufficient t( 


start the main reaction. 

Other metals of high melting point, whosc^xidcs are ver) 
refr;ictory, may be rcducc^l by the above process, imch ai 
clirommm,»tungsten, rhanganese, etc. 
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, ii;IPUkmES IN COAL 

^ ’ ♦ t 

The impurities in coal at*; of great importance in the coking 
industry. ^ The chi^f are US'S, sulf/hivr, an^. chlorine, principally 
in the form of sodium chloride or salt. Ash is composed 
.incombustible mineral matter left as a residue on burning com¬ 
pletely coal, coke, etc. Its iomposltion is variable, consisting 
chiefly of silica, .30 to 60 per cent.; alumina and o.-ride of iron, 
35 to 55 per cent.; lime, 5 to 10 per cent., along with smaller 
quantities of magnesia and alkftlis. Some of these substancas • 
a.'-o aambineif with sulphuric acid (3 to 8 per cent) as sulphates. 

. .. An excessive ash content is objectionable in fuels for 
steam raising, as the clinVer formed obstructs the passage of 
,thc air for combustionf and^carrics away with it unconsumtd 
carbon* in the form of cinders. The* importance of 'the ash 
cofctent 'is seen in the coking process, in which most of the 
>oke sold must conta'in less than 12 per cent, of this impurity. 
The mineral matter is not removed in ooking, and is therefore 
concentrated in,a lesser amount of coke. , « 

Roifghly'.s(ieaking, a coal gfoing 7 per cent, ash^will make 
coke containjing 10 per ce'nt. As far as tfii,- blast furnace is con- 
terned, oxide of iron in the ash is not (detrimental, but the 
’ silii,',aVequir(fs additional limestoiW to flu.x It. The colqur of 
the ash it. a fairly reliable hidicator of the proportio;i of oxide ot 
'vTon,'.'! deep red colour denoting a high conk’iA of iron. ^ As 
the ii«n compounds sprin,<;«frorrf sulphide vs/hron in the coal, 
a red ash would indickte also a high •^oroportion of sulphiirTTT 
the»'oal, thiV teing a'm'o.st objcctibnadole'imptirity. ", 
t Sulrjilwr.pxists in coal in four conditfojis :—'' . 

1. ; As iwsa pyritt'.si (ctt^lforasses, iron'bisiilphide). 

2. As sulpVtate of Ijm'e or alumina. , 

?. Ifi an..organic,,form, combined ryith carbon ^or 
' f hydrogen. • 

4 . In ra,rc cases !is free sulphqr. , 
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fiifiTi t)f pyrites is the 
most injurious, since, on tlimbu^jioilvh the fuel, its sulphur 
becomis oxidised to sulphur dioxide, whicTn in i^'cscnce of 


Of ihese,'^h:it which j'ceurs in tJ 
ost injurious, since, on tpnibusjior 
jcomis oxidised to sulphur dionit' 
moisture 'becomes siiljihurous acirl, ancTevifnm^ally, by further 
. oxriation, su>[)hiiric* acid, TJiis ha?; an intensely forrosivc 
effect on-,an/ iron ^r st?;el»with which it,m;,^ CQine in'cositact, 

^ OspeemUy th^ cooled surfaces of, ecoioini.s^ tube^ or otiicr 
paTts on wlrtch^moisture can ponJense, thus abk*rbing mors 
readily the acid fumes. y * 

^ The .stilphur in th^ foriji cT siibalatt* is not injurioirs, excejit 
.Jliat it adds to the miner.ij constituents or asfi of the coal. 

Iron pyrites is also objectionable in this maAner. On, 
burning; the fuel the oxidp of iron formed becomes, redur,ed 
toTerrous oxide, which readily coinbities with the silica and 
aluiniivi of the ash, forming a fusible mass known as clinker, 
,thye ill effects of which have alrciady been mennoned. 

, -In,coking practice some of the sulphur passes off 'syi|^ 
the volatile matter, jiart is liberated by the action of steiun, 
on quenching the coke', and part rc.^iains in the coke. Fhe 
fo'Jowing gives an idea of the (jpistrilnition of sulphur in, 
carbonising Durham colying coal':— • » 

(rt) Deft in coke - - - .73 o.'i per cent.'*'» 

(^i) In gas - - - - , III'TO ,, , 

(c) In tar qnd Ikjuor . - - 7'04 „ 


Chlo.iile is usually found in coals as the soduiiit conjiiound,’ 
common ?a'/l, the alhiili being an ''mportanl’ factor in the 
corrosion of coke ovJn walls. ’Authorities are net; unaii'imou;^ 
as to the manifer,in whic)i»refractory materials are affyctiM 
l-jy aflcalis. ■* In coke oven practice,the,oven walls jnay’be 
affected by fly; total soluble isalt,s, not necessarily cldorkles; 
by the deposition of cafboii iq the Jiorcs of*the brick ; by the, 
lipl^tilisation of iton in the form’of,chloride along with 
(deposition,of injn , juid, by the decorppositicn ,of sorlhim 
chloride. ’ . ’ ’ • , , 

Professor Cobb, of Deeds ynjver.sity, gives ,th*e Ifjllowirig 
explanation of the action of salf.- i f coal ,containiiig more 

,'y\n(irew Sho,rt, Socety of Chemical I.vdustry, 19tl7. » " ’ i 

* “ Refractijfy Materials and Sahy Coals^’ Prof. J,. W. Cofpt', Coke 
Ovjn Managers’Association, J91C. 
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than -05 p^r cAt.'NaCi is charged/into an ®ven the 'Ivalls 
suffer^ although a largiA a_fnount( does little damage' if the 
temperatui'e is IcAv. Belo\v f^OO* C. sodium chloride volatilfses, 
and, ^ptrnetrating" into the brickwork, combhies* frith its 
substaiKje., Near the faie of tlm brick fn'contaol with th^arjil, 
t'le tenrlperature k; npt sufficientlj* hifjh flj cause fission, buf" 
as'we approach^he face'6l the brick directly‘ne^ed by tWe Vi 
,Hue gases,'alid accordingly at, an increased tcmperaturef we , 
arrive at a- point at wiitch the sodium silic^ate or sodiupl— 
alumina silica compouSjls begin to^ fuse. Tlws portion 
becomes porous, ho'neycombed, and weak in structure, setting 
up disintegration often severe enbugh to cause the face of 
tl^p brickwork to fall away in thick layers. The ^authors’ 
experience tends to confirm this' theory, but leads thenrl to 
believe that a high iron content in the coal is also deleterious, 
and would serve to intensify/he corrosive action jf iron anc^ 
^jjijflfin'e were present together. • „ „ • < 

. Various observers have found a definite increase in alkali 
and iron content in thev;orroded'portions of brickwork. 
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Xhe above afe all cakes'of corro'sioi^ Eu'd show that salt 
plays a farge part in tfie destructive efifdct. Coals witlijg^s 
tli,a,n ’0.5 gel cent, NuCl do not atj^ejr to have, any serious 
, destry^itive action. Tin? quality of the wa^lhicg wkter should 
'not ba'overjijpked, ^s„infcnviny casek'such waters contain 
excessive amoynts of .sr*it, and often very considerable 
quantities of sodium' Sulphate. 'The chlorini liberated by 
the decomposition, of salt co,m6ines wkth alnmopia,'foi.Tiingi 
anjmdnium c'.iloride (vhich is volatilised in tht oven, and if * 

• I « ■ o 
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excessjvi ma^ give rise'>^o a thicktiling’of the itjir in the 

mains, ancf tliis is likely lo be’, ag’^vated if magnesium 

chloride is present, which is occasional^ thd case./ In some 

processes ammonia extraction there is a ri;jk of snirje of 

»tfts^mmonium chAi^de beiijg cai'ried to the i,lead-lined 

saturt^tor„^l .vhich 'liydrochloric acid in.small njjantit^ rw's^h? 

/^bi liberated, Aereby corroding ths le^d linijpjj, and in these 

cases special 'precautions are taken to remove the ammonium > 

chl'cridc previous to this stage. Corrosion in boilef tubes has 

in some citses been traced tp -jhlor' i4 



,, CHAP'fF.R. IV 
C^&AL WASHINd 

Coal, as 'it comes front^^tlie mine, is always contaminated to 
a greater or less (l;;gr(?e whh im'f-ju'-itics, of various k'ncis whicli, 
though practically unavoidable, lessen considerably the valj;e 
of the coal for most [nirposes. Some of these, such as siliceous 
and cflcareous shalcy ihattcr,.. and pyrites, are'actually 
associated with the coal itself, whilst others get into the coal 
from the roof and lloor during the operation of miidng. It 
is obviously of material benVfit, both to seller and consume'., 
^tlicsc foreign substances can be removed in some v.’ay, and 
she method usually adopted is to treat the coal in some* lorin 
bf washing aiiparatus cT'hereby it is rendered more or less free 
from the above-meirtionls'l materials. There are several hjpes 
of wLshers^n general use, and it will be/he purpose of this 
ohdpter to describe a few of the washers used in this country, 

, There are many points to be dealt with in considering the 
washing of coal, given an cffcetual tjpe of washer. There is 
the co)'t in the first instance, then the physical^ nature and 
condiVion of, the coal itself,' some coals being much more 

» » t ® 

friable thru others, producing more ",smalls” m the mining, 
Jhen the specific giavity of the coal.and impurities, shale, 
pyKtes, etc. Again there may be several kindi> such,as bone 
coal, ■cannel, and 'shaley coal, in the same jieam, and the 
specific gravity 'the.se ,wilV probab,ly diffej a'ppreciablj'"from 
that of the main bulk. , .The great point/o be aimed at i,.?, of 
cour.se, to wash the'ccal as oompicteb' as [lossible, remWTfig 
»cnaximfi-n\ amoui'it'of im[)urity, with a njinimulri amount of 
coalr^Jls.yng >vith the dirt. The aipijysis d'f representative 
samples of tlv maten'sti ly/ote and after rVashing will give the 
percentage elitainatioij ot mineral,matter aijd sulphur. It 
mtist be' remombered fhat even the ,cleai^st piece of coal 
whibh^'can possibly be selected is by no means^alltsolutet'y free 
fri'im'^ash; jn fact, solne coals pick,ed,as clean as po.ssibU, will 
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contajrK fO>^^r cent, or ^orc of^miiieral’matter.* •Now no 
amount of washing can |^)S‘iibl\» rci^love such substt'vfco, 
because is itigraincd in the ,siibstttlice the coal itself,^inci 
nc 4 -,(loubt got there di^ygthe formatioy of th’e joam ag?s ago. 
In fa^t much of it is due to the ashes o5 the.pl*n1?s fiom 
^vhich ithe'VoaJ was formed. The ,a,m(.fint of'coal pas'tiijg 
aw^ with the dirt simuld be carcfuHl)- rfatchc^, aij(J,this may , 
’ be Readily done f»’ taking into account the'specific gravity of 
the doal, aiid of the dirt separated fro/i it. 

For the moment atssnma <hat ilic spc(;i/ic,gravity of the 
cr>^ is.^1'25, and that of thf shale ‘-’'2, and pyrites .'l y. It is 
evident that by making a solution of calcium chloride (or 
oth(;r suitable substance), wkji a specific gravity of T.'l to l'3r», 
we shall have a liquid in which shale and pyrites will sink 
and coal will float. Hence, if a weighed (lortion of the dirt 
Ite taken (500 or 1,000 gm.), pfaced in the above solution, 
and well stirred up, .'he coal which floats can easily hca 
skimfhed off, placed in a filter paper, washed free from* 
calcium chloride, dried and weighed, giving the percentage oT 
coafin the dirt by a simple calculatym. 'This method, whilst 
useful fot laboratory tets, is much too c.xf)eii,sive fli ^le 
adopted on a commercial scale. In coal wrjihing, watcr.it 
.used, aiifl we rely on the difference in tlic’velociticf at which 
the various substances sink in Water. Particles sink ig water 
at a gfadualjy increasing speed until they attain a ennstani 
ma.ximum vplpcity, which may lac approximatch/ (leterfhined 
by Rittinger’s formulae— • 


Velocity iiaf^et’per sepund = T28 VIOX^—1)-, 

D = l')iam6*r of particles in’ inches. 

(f=Specific’!jravity of mater'erl. 

T25 =Xion.stant oI»tained a result c»f nume'ous expcriindiits. 

* 'Ac specific gravit'^s uf substances donneclcd with coal 
washing mjj^ be ti^en’as .*-* ^ * ‘ ' * »• 

Ceaf - , - - T2.5 to l'G0>(avesagc 4'3) 

Shale - - • ;>'2' • 


Shjle with pyrites - 
Pyrites - - t 

Quarts - ^ - 



.V4, 

5-a 

2-4 

2-7 
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Rropi' the abdve fo^nnula we sp^ that with'simjlir/'fiaterial 
a^\argc piece will s/.fik !n waifer at a quicker'rate fhan a 
smaller,^and picce.'^of coal, shale, and pyrites of'one inch 
dirynttcr wil| .'tctain maximum veloci.ies of '75, l'41,and 
2'5G fti [X’r second respectively. Thus for p'articles off'cquti] 
siae the velocities ant approximately in tfie ratit ijf" 1, li, and 4 
Howevqj^ as ihe p;P,ticks contained in thc'^“nm,of mifie^ 
coal arc of' varied sizes mixed jndiscrimina^tely", we often find 
large pieces of coal amsf^m.dl pieces of dirt in close proximity 
and we tan calcjijafe that thc'Tallingivelocities of a two-inch 
piece of coal and a half-inch piece of shale are identical. 

The principle of coal washing is to treat the coal with 
water,in such a manner that thc.impurities sink to tljc bottom 
of the vessel whilst (he coal is kept above the impurities, and 
it is obvious that in the above extreme case this would be 
impossible, s „ , 

^ It is therefore of importance tlvrt the coal be«corr»ctly 
'.screened, and as a rule the diameter of the largest particles 
".should not exceed foih' times the diameter of the smallest. 

In most washeifcs tye coal is screened before washiftg in 
accoidance usth the above princii^e, whil^ 5 t in some cases the 
♦■ec[tnv’,ilcnt revilt is secured by screening after washing and 
rewashing the .siPallcst sizes. There are several types ol 
washea s in use, and in all of* them "the (,'nal is agitated in a 
good .supply, of water, the agitation being brought aliout by 
varid'us mctpis, viz.<■ 

(a) The flow of the \j’ater itseltj, 

{/’j Tra\ellmg belts and scrapers, etc. 

(c) Revolving arms. !>' ", ,, 

■ {(f) Pulsation df the,, water by pistons, or comprefced 
", >. <'iir.^*' ^ ’ 

- Th(; simplest type.of waslier is the t.'oligh washer fpig. 4). 
It consists of a tro\igh a, varyirig*in Jength from abouP"f5 to 
ft., a’l'Kiut d ft. wide and i.o In. ticep. z7t intdhyals movable 
dai»»*(l\l ,u'o< placed, 'idle trough ,i,s set Vtt .an inclinStion 
sufficient totalise thd ne![tebsary agitatidn of the coal far the 
efficient .scpartition ol" ttic heavier shale an,d pyrites. The 
dirtjs ^-aught.by the (jams 13 , an’d at intervals is run off from 
thd'sfc'lc of the treugh through the sluice C, aftcr'removmg the 
dams B. "j'ne washed coal passe%o\(er the screen D, thCi'vater 
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passinj^irttcj Ih^ channel ^ These wWhers^ are oftati worked 
in pails, one" being cleanecl Ait whilstl\e other is engage^'in 
the waslfing opeilftion. 



The Tlliott washer »(l''ig, ’i) utilises the principle of the^ 
trough, but tlic dirt is removed continuously by means of a* 
scraper chain. The working of this washer is more under 



• • 

• Fig, 5.-,EI*oU Wlisher. 


contrgl, and can be regulated by* a^crfiM^ the i^olinatibn of 
the trough and^the speed of tlie .stnyier cluftn to suit the 
various 'classes of coal, dealt ,with. ,A rough or ’[^ritftaij' 
^ashlri^ is carried out by droppiag the umwashed coalliifto 
a preliminary washing feljlc j[A). The rougher pr Ijirger s'izeJl 



Fio. 6.—Blackest Washer. 


.reduces the work in the' washiug tron^;h and ensures more 
efficient working. The washed coal passes over a primary 
drainer C to get rid of the bulk of the water. . 



7.—Robii^on Washei 


'ifhe BlackeU washer (Kig. fi) is a type 6f wksher ifi\vhi4Ij 
the agitatipn is brought about by, rryeans of 4 revolving iiarrel, 
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set at 3ln'inclination to siji': the size oT coal washed,«tc. At 
the sjme time a shallow atJacl*^ to the inside ol,?he 

barrel gradually forces the heavier “(lii^”»to the ii^)per «end 
of^the bwel, \vhere |t is discharged, j/liilst* tljn true «o;*l is 



• • • 

wa^ed overrfhi! worm,and delivered at the Imver gn!^ »c t£^ 
a drainer. * . * ^ * ** * 

The Robinson washer* (Fig. 7) cori^ists of i funnel-shaped 
chaijiber, the conjents^of wtiicji are kirpt in in«tion SMerlhs 
• of revolving <yms. The water i*? pumpr^d iti at the bot^ofii of 
the aone, and flows ove^tbe edge of the funnel afc carryifig 
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the wa^hfecVco^ with It. ^thc dirt settles t.o tM; bott.jin, .nul 
is reifloved by moans of th*eV)nbl»;do.Vf' arrangement sli.*vn 

in sleetcb. * , , * 4 • 

In tfl?" foflrth class of \tasher thy co.ij is^ ai^itayjd^ by 
currents of wafer .set V by pi-^tons, plffngers, eomprcssecl air, 
*etc. This t>ipe, kftowr* as a “ju;” w^.sRcr, ♦hou;yT» niore, 
%*pen?ive thafl the former m.ichiiics* i^ a vej^v elliciont offe, 
, th?type’shov,M. in Fig. 8 (Coppee •nut wajhcr) btifig a good- 
example. In tins the coal Ts fed into the scctio# A, being 
supported by the sieve n. 'Hic plunger. C causes aij alternate 



Fio. 10.—Air Valves. Kaum Waslier 


ascent and descent outlie water unacr me sieve. ^. ,ie ,s 
thusw;:ll adtatedTand the*lighter coal is-forced*to the.-tof 
vAilst the heijvier dirt settles oigtlie s«reeii. The washfd eoa. 
is esrried ovei* the sluice, if bj' Sl»e washiiitf water, whiist.the 
dir't *s removed at*lC, by ineaas oft-sjuipcs controlled by thr 
Shale valves ll and .Various mcclunical ai ran’geineiit.s 
siich as tlgC^crew•conveyor i", elev'ator (», 'itc , are u^cd aci^irT 
in^to the t; 4 pe*of washer to facilitate the renioval of^ln^rlirt 
In the Baum washter (Fig. 3) tke^-iirin^'ple of,;iie jiejis^ 
utilised, but *e pulsation of the A-ater is b'iought about b) 
meanrof compressed air,‘aga pressufe of r^bout-3 lbs iie 
,• square incll 'ffiis is* admitted and rcleq.?ed by tlTeisjrccia 

slide valve shown in_de.tail in hig. Ht. • • • 
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The resulf'of .this tjarticular .tyrangemenh is a la^d up¬ 
stroke in the washing Jbctio"!, but.iI .Mower down-stroke, allow¬ 
ing ,‘a lon({er internal for the ifiaterials to settle, accoedidg to 
their respective g.’-avifes. The fough dirt is run of^^s desired 
l)\' means of tfie contndled sluice « touche eli^vator C direct^ 
whilst'the firte dirt falls through tilie'screen toi'he bottom ol 



'it r I, , , 

the washer, wheilce a scdlw conveyor l) ^dhects it to thedirt 
elcvatoi'. The clear coal is washed^ over fnc outlet E. tlvs 
^’ashing system tfieicoal is wach^d f^rst, then *:reened, and 
the^jllest sizes rewaShed. For very smMl, size.s of slaek a 
fjspaijvva’sher is extrenrely SQrvi(reable,TJeing almgst automatic 
in its action. Jn this ty|?e (F'ig. If, Coppee felspar washer), 
the mesk of the scritefi A is large enough to* allow' uil the 
parV'diei of coal and dirt to.pa'ss through. ' A bed of fttrpai’ 
of, a fize toa large tt pass through the meshe4 is placed on 
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the scte«n‘and on'agitating tne wate| ana.aamitting the fine 
slaci? the materials tend fd^cttle.^T t>\ following order» 

* • ' • * 

(^Sfl Specifi* gravity^!-3 * 

Felspac, -I , • - y * * ' * 

Uirt -* •- -• 3’4- to G'J) 

» * * * * i 

^The dirt thus u*timately desc*nds*to th^ screen*pa.^es 
thijpugh it, anfTj^ collected at H. The wasiicd coal during the 
“ suction ” period is prevented from passing throflgh by the 
bed of felspar, and during- the up-sfrol^ is w;*j<ied over 
tl^gate C, and collected. ^ ^ 



Fig. 12.—Khcola\cur. 


In jig washers tl*e length 'of stroke and thc-’numbcr oi 
pulsations per ftikute* is it^ulated according to .the siza cif 
[^rtiefes trrated, a slower speed and iongjr stroke beiijg as'ed 
feu fhe larger lizes. * • *.. • . ^ ^ 

'An interestir^ ^evclopmeijt in^oal warning is shovvn in 
Ji''ig»12. This typ'e of apparatus, ktiow-j as the Rh<*olaveur,' 
i^the invention sf IVfessf^ ^labets & Finance, anc^is used in^ 
co«junction with ^ trough washer. W^ater is^admitt^d under 
sufficient pressure fit 'a, and tl^ jtraaji is divpdefi i^t^^'^HK) 
currents by the baffle (jjate. Th^ ascending, current is at a 
velocity sufficient to couitterbalanci? *fhe falling 'iielocity^ of 
• cosfl® but is* not 'suffiflently po^verful to Hft the pdrijjcl^s of 
shaje, etc. The shale thus sinks, comtJs under»the influence 
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of the d^scen^'rng,current, and pa'k.ses through thp "outlet B 
with an adjustable opefring./t The^tvishing is thus t;ontirfhous. 
The^uml^er and disposition oDthese Rheolaveurs in a tr6ugh 
is reguj.ated byAe quMtity of c6al dealt^ith, afid tttcf relative 
amount^ of dirt to be removed. In ''some odses the shale^ 
vtep^ratJed at the niovscr end of tho trougfi is rowasheri in a 
se6)ndary tro,;gh wi^h' I^h^olaveurs’ specially adapt&i f<Sr'‘ 
this purpose'. 



CHAPTER .V ' 

• 

, SAMPLTilG AND VALUATION OF COAL, 
COKE, ETC. 


I.N making a physical chemical examination coal or 
otfTer material, it is obviously of first importance that a, 
repj'ese.itativc sample of J^e substance be obtained. - lt»is 
impossible for one or two small pieces, say of coal, to repre¬ 
sent fifirly an average composition of any joarticular seam ; 
they may be either too clean ^vvhich is the more hl^rcly) or 
t(» sh:fley. ^ At the least, several barrows full of coal should 
be taken and roughly broken down, in ihc first inst;.ire, oi.< 
a clean surface, preferably iron or steel. The heap sliolild 
tfftn be w'ell turned over and miied ‘up, spread out, and 
divideci*cros,swis% into cjwadrants. Opposite •sccyons*ihoijld 
then be taken away, thus halving the total .sam|)le. '*Thc 
remainder is crushed smaller, again thoroughly, mixed up 
and (juartered, rejecting half This is repeated lentil the 


.sample has been reduced to a reasonable quaotity, say 10 or. 
12 lbs., wlych should .then b# crushey, if necessary, tfntil all 
passes through a sijve of alyout d«-in. mesh. ‘From thi^ 
a small sample taken aftcr,thorough mixing, crushed some¬ 
what smalles, and*a final sainple of 1 or 5! oz. crushed so.as 
tt) pass an 8(\sieve. It is ^h^i. rea(f^ fot analysis, afld is a 
faiVaverage samjjle of tb« matert;?!.^ * • •• 

Specific Gravity of Coal, Colce,«Shailes, etc. —The sj)ecific' 
^ra^ty of solids insoluble'in \^ater, such as coal, shale, pyrites, 
etc., may be readijy dfttcnfiined, givcji,a tnoderatc^ accera^S" 


bafance andLset of wights. ^ The test may be doije *[p*tij;riall 
lumps or on the powdered matlrijl. ’M"lump«'itre usijd, then 
several,deterijp^ations aiej:lesirable (jn^dififerint pieces, taking 
th^ average result as,the true figure. If the poweipre*! stlb- 
stance is useji, only one, or at the most two, determinations 
wili be needful. In Jbese determinations the, princlplt? of 
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Archimedes i#*m:^de use ot, namfely, that when a^body is 
submerged in a liquid tt< lores wftTght equal to the weight of 
liquid displaced by^it. In an actual determination, if-a imall 
lump i,s being used, iU is susperfded by a loop of horse hair 
from one end of a balalice and carefuWy weigtfed. It is theq 
"limnjersed !h wateir i« a glass vessel, supportedron a ryooden” 
bridge (Fig. I'd,), and ^gdin, weighed. >> ' ' 

■’ A considerable decrease in weight will bejpoticed, due to , 
the operation of the above-named principR. If VV be'its 



weight in «'■, and ro,its weight in water, then the specific 
.gravity of'i.he solid is— ' 

' ' _ W 

W-a/ 

Example:— 

■ ' Weight of oample in'air - • - 1C'.‘’42 gm. 

Weight of sample !n water - ' 4 098 „ 

Wfcight of water rlisplaced ' 12 244 gm 

1 ... . ]6'342 ' 1 o... 

opecmegrav.t>=^^^,-^^pj-^ = l..o4 

In the case of a powdered'sample it is, of course? im- 
po.ssib’e to lire this method, and the use of a specific gravity 
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bottle liecessary. This^s a small bkttle (Fig* 14) gttcd with 

an accurafely ground stoj^er, tijro«gh which a fine hole is 

drilfed* lengthwise, to enable the bottlj to be completely 

Jlled vvith w^ter or liquid' which is^ not. e^as^y di^e with 

• the solid stopper. is fir^t carclully filled 

with ^istillefl wat^r and ‘the stopper iksltted? 

After ^areftflly \fiping off ali ‘su^erfluo;^ 

liejuid from outside, the bottle is wyghed. 

A portion of the water is then emptied out, 

and 1 gm. of the ,powdered coal or other 

mineral is placed carefully in the bottle, and 

well shaken to thoroughly wet the material. ■ 

This is not at all easy in th* case of the 

coal, and great care should be talccn that 

all air bubbles, which are readily enclosed 

V coal dust, arc completcJy got rid 'of, 

otherwise the result will be inaccurate. .. . " , ’ 

, , , , Spenlir I iravily 

An example will best illustrate the calcula- .u,,uie. 
tion of the result;— * 

• Weight of specific gravity bottle filled 

*vith wat^r - , - - - - 7''3'40S ggj. 

Weight of bottle containing water and , 

1 gm. of coal - - - • - 7o'74.5 

(r.«., weight'of bbttle ai*id water left 

* is after displacement by the coal - 7tl'7-l.fi •„ ) 

^ * 

Wt^ht of water displaced »7''5'498—■r2'745 or 

•752 gm. * ^ * 


A 


Specific gravity 


or 

•7o;3 


“^The specific'gr^vity of liiyiids ‘may bc'obtainccf citliei|by 
usc^of some form *of hytjrometer or by«ncans of the specific 
gravity bctttle. •Thfi T^^'anldcll'hydwyipcter (Fig. 15) is 
ciSmmon i^sc <in*this country. Thd feadings obtaige^Tjy its 
us^ are readily co*iveVtcd itito«s|g‘ciii(ggravit^’,^y*mi^t!^ji/;ng 
by 5 and adijjing 1,000 ((taking th« specific gravity of water as 
1,00C), thus, 

**If the hydrometer floats at|i5'’, t!ien taking specIThc grarity^ 
0 ^ water a? 1,000", the specific gravity of sample woul^ be 
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, (65 ^'5) fplusf 1,000, or *1,325, or specific 

gravity of vrai:cr,ws l,r1th'e specific gravity of the 
.jampic vyoiikl be I’.'}!!). ■' *■ 

,,C(oi>vcrs(^y, if the specific graVity'iS given 
to three decimal , places,''neglcclf’ the decimal, 
poilit, s'fibl'act 1,000, and dividd' by fit The,,result 
will'Wndicate ctegrees on the 'Twadlicll sple. A*’ 
saturated solution of calcium chloride at a tem¬ 
perature of 15° C. contains 40 f)6 per cent.''of 
. ithe salt, and has a density, of 82'2° Tw., which 
is equal to a specific gravity of Till. If the 
specific gravity bottle be used, it is first carefrTi'iy 
weighed empty • and dry, then filled with dis¬ 
tilled water* at about 15° C. and weighed again. 
'I'hc water is emptied out and replaced .by the 
li(iuid whose spesific gravity is required (t]ie 
temperature being the same as that of the 
water), carefully filled and weighed. 'The results 
Ko.Ts. .give the relative weights of equal volumes of 
Twaddell water and, tlA liquid to be tc.sted. From this 
Ilydromeicr. specific gravity is rcjidily obtained. 'Thus:— 

I ‘'vVeight of hottlc filled with water - 45'438 gm. 

Weight of bottle (empty and dried)- 20-652 „ 


Weight of water 


24-'786 


VVcighf'bf bottle fiiilcd with liquid . - SO'GW'gra, 
Weight of bottle (empty and dried)- 20-652 „ 


30-02S, 


Hence the spccjfic gravity.'0.' tfie liquid is 


;;o-f/20 


24 736 


: efr 1,-211. 


4 is often iinporfalit to deteri.ri.ne the ajnount'of moistufe 
in coal, <s even that which is freshly mined contains appreci- 
al5ie"ainounts, u^jsually ,f(om,. 2''to‘5 per cent. If the mineral 
has been exposed to wet vVeather, it very likply to contain 
ma-e.. So'me coals will take up 'and retain more moisture 
thkn'Others, owing ,<-0 their physical condition. 'Po a.sccflain 
the'antoun*-, aAair average sample is taken and crushed dqwn 
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to not *laes -than J in. ^in size, a -^eiglTed (juanUty taken 
(say*100 o*r 2 .t 0 gm.) anti*dried-fof three or four hoiys at 
a temfTerature of 100’ C. in*a water hai^t, allowed to cool, 

tlie lo.ss a’sccrtained by weighing. 

• If the .sample be ^duced J:o a very fine con^liturii, it is 
liable *o lo.sc’other*constiPucnts than iTiP)isturc*on proloiigcr' 
’ht;ating„ even at *100° C. Akso f yrites ^nyry heconn 
oxidised. A -ii^fcr [ilaii, anjl one which is useful as a check 
is to expose a weighed portion under ,i bell-jar* desiccato 
for at least twelve ho^rs, and weigh the Itjss due tis^noisliire 
which is taken up by the ^iilphuric acid or calcium ,chloridi 
used in the desiccator. In this way there is not the saim 
danger of driving off easj^ volatile substances along witj 
the moisture. 

Estimation of Ash in Coal and Coke.—The amount o 

contained in coal or coke may be deteriliincd by takinj 
a .weighed portion from the finely powdered sample am 
igniting it carefully, cither over the straight Biinsa*' flame 
or preferably in a gas muffle, cautiously and gradually^a 
fit«t to avoid loss by decrepitation, Increasing the heat unti 
finally a»good rci4 heat i* reached, combined tvith^n jiicntifu 
air supplv. It will be found that coal burns ^ff more ()uiCkli 
than coke. In the case of hard-burnt coke the ash shoulj 
'be weighed until I't ceases to lose weight. 

V’ihen a coal is completely burnt off it eyases to glow 
but it is not easy to judge a c«ike in this way, aiirf esiJbciall; 
if the ash i.s* high, as ^is protects the small partides of hari 
coke from oxidation, .so that occasional careful stirrii^ i 
desiraljle. Jma*li“ porcelain* crucible lids,’about* IJ in.*ji 
dfemeter, are^very suitable burnirig o.T coke or coRl. * I 
win Jrc found’tlwt if pjijtinum Vessels at^ u^ed, thc»n)eta 
beeves brittle ai^l cracks ajfter a.tiuic, probably due t 
prolonged heating in,contact wirii cariJon. After all th 
ca’rbonaceyui mat*!' has hec’n oxidi.sedl 4he ash is* carcinll; 
brushed out,of the dashes, when cool, on to l>lic byl:nic<^pai 
and.weighed. Thiftr, i*f 1 gm. cX (f)al*l»ave ar^.ash w(vghirij 
•087 gm., perc(>ntagc of tish in the*cpa^ would be lOOx'OSj 
or 8-7’per cent. , , • .. * 

• *l*he colour 'oV the ash shosld be noted. Since'all* tfi 
mineral matter .which is, ii'^ the original coal, wiflj the dxcip 
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tioij of some of th^ sul[) lur, remains in the coke, it is obvious 
that'the ash in the cokcS's iiighet than that in tlfe coal from 
whith it is made. For instance, if a coal contains 7 per cent, 
of ash,'and j>ielJs 70 per cent, of coke, the ash in "the latter 
will be -7;y-Of 10 per cent ’ 

, Zstimation of Volatile Matter.— The volatile metter in 
coal is tha*- portion Which is driven off or volatilised, when 
the fuel is heated out of contact with air. It'asually includes 
some portion of the sulphur which is present in the coal, and 
it is generally taken that about 50 pe' cent, of the sulphur 
is thus' driven off. The volatile matter is estimated by 
heating a weighed portion in a closed crucible, without 
admission of air. One o°r two^ grams may be taken and 
gently heated over a Bun.sen flame until smoke ceases to 
issue from the crucible; it is then quickly transferred to a 
muffle furnace at a good red heat, the furnace door closed, 
and the heating continued for two and a half or three minuses, 
aftqr wliich the crucible and contents are removed, placed' 
under a bell-jar desiccator till cool, and then weighed. The 
loss represents volatile matter, and the residue, coke, f.c., fi-ced 
carboii, oi'ght'not to contain any volatile matter, bet usually 
d sfight amount is present, say from '5 to '8 per cent. 

Estimation of Sulphur. —The sulphur in coal and coke 
may be estimated by— 

fa' The lime method, or 
(^) 'Eschka’s neethod. ' ^ 

■“ « • 

(a) Weigh off carefully 1 gm, of the fuel and 1 gm. of pure 
lime, on which a blank estimation for sulphur has been done. 
Moisten to a fairly stiff paste distilled water, and mix up 
intimately with i spatul^ ’or glass.rod, being careful to aroid 
any loss. Dry slowly in- a water bath cr under a hot plate, 
and place in front of the muffle furnace for about half ai. hour, 
giving free access of air. Arte.'.varcis heat stVopgly in the 
fo" a further half hour. By this treatment the sufphur 
in the fueD'hoComes concerted into sulphate of lime. After 
removal,from the furnace and cooling, the mass is transferred 
fon■lp,^e*•ely to a small beaker and moistened with distilled 
water. Sufficient hydrochloric acid, containing a few drops , 
of bromine (both free from sulphur) is added to dissolve the 
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calcium iiijphate and exc(?ss of lifne.. Thg sflfutioi^ is then 
boiled and filtered. Aftei*rt^ishinfj th>t Tiltcr paper, the filtrite 
is boiled^ and while boiling a li<)t solution yf barium chloride 
is added* tautibusly. This reacts with the cal^cii^nf si4[)hate 
ip solution, forn.ing barium sulphate, which is preci[)itjitecf as 
a heavy;white.powdtr. • ^ 

* • It should be altowed to settlp ‘cc^npletey, which will 
probably take a.Jew hours, then filtered of[ throuii^i Swedish’ 
papbr, taking care that nnne*passes through the [icrcs of the 
filter. It is finally wa.shed and dried, ignited and weighed as 
barium sulphate (which contains l.'l'fi' per cen’t. of sulphur). 
From this the percentage of sulphur in the fuel may he 
readily obtained. Thus 1 gm. of coal yielding a jirecipitate 
ofba’rium sulphate weighing'l.! gm. would contain dl! x Id'Tif 
gm. of sylphur, equivalent to l (i IT per cent. 

' ifi) In Kschka’s method I gm. of the fucHs taken, finely 
divjded ^nd mi.xed in a shallow di.sh with about I gm. of pure 
calcined maffnesia, and about k gm. anhydrous ..Mxinim 
carbonate. The mixture is then cover>5l with a thin l.iyei -ol 
magnesia (about d gm.) As in the eftse of the lime method, 
a blank df terminadon tlpe sulphur in the mate.rial usci^must 

be made, and the weight of barium sulphate obtained (if 
deducted from the total weight obtained. . The dish and the 
iontents are plated in (font ol,the muffle furnacc'for about 
three-quarters of an hour, allowing free access of air^ then 
finally heated somewhat more ytrongly for fifteen tn t .enty 
minutes. ATttr removal from the mut'fie and covling, the 
contents of the dish are carefullj' transferred to a Itttakerpnd ' 
hot distilled wateAnidded, witjl a few drop;> of brauine a.Vl * 
hydrochloric acid, boiled and filtered clear of insoluble re.idtic. 
Aftw.washing*the solution fibtVmod is boilgl 119 and b.yijjm 
chloiflle added, as'ij the lime ijiethdd, to fofm a precipitate 
of baiium sulphate.’ The .subsequent o[)Gfations are'earried 
out as in metlnod (r»). Jn t^is' method thte ;,ulphur of the ^uel 
becomes converted into the sulphates* of m;ignesiugi ,and 
sodium, both of whieV are jMuWle.in*'fater. ^Tl'e* brjrmme 
oxidises any sulphides that may have* been forrrved to sulphates 
as in (il)'. 

• \Mien co.ll is’ fieatelH in a clojcd oven op retort, a*s tn thb ' 
variqjis methSds of’eokine, it is said’to be uubipetod to 
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destruct’ve distilktiorv ft is broken up into a^rfumber of 
prbducts, solid, liquid,^and.-gaseous, the proportion of which 
largely depends ppon the temperature employed and the 
lajurr of 't\e particular coal which is being ‘carbonised. If 
:he ternperature is high the products are mainly gaseous. On 
th^ other lia.id, if t.ie temperature is low, heavy tarry,liquids 
arc formed, \ hich retain, various solid substances,^eiLher dri 
solution or suspen;iion. Under normal conditions of coking 
the volatile hydrocarbons are almost completely expelled. 
A well-burnt coke ought not to contain more than 1 per cent, 
of volatile matter. Along with the volatile substances are 
other ga.seous products, such as cyanogen, ammonia, carbon 
dioxide, sulphuretted hydrogen, and free nitrogen. 

All coals contain more or less nitrogen, the content of 
nitrogen in British coals varying from about '8 per.,cent, in 
some cases to" nearly 2'0 per cent, in others; and otfior 
:onditions being equal, the yield of ammonia in qny coal 
Ji.stillat'on in general varies with the nitrogen content of the 

If, however, a cqal is only partially gasified, as in the -gas 
■etort or coke oven, a portion of tlie nitrogyn remains in the 
'ol;o in a rather stable condition, and is thus, under ordinary 
londitions, unavailable for the production of ammonia. 

The proportion of nitrogen converted into ammonia has 
aeen investigated by various observers, and results of four 
nvestigations arc given below •— 
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As cyanogen ■ 

it 1-56 
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14-b 

13‘0 . 

171 g 

101,6 

_ 
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Under modern conditions coke ovens attain a higher state 
of efficiefney than th'e “above, and 16 to 17 per cent.-of the 
riitrogSif content of the coal has been'recovered as aimVionia. 
■ The yield of amriionia at coke works is affedred by several 
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factors, the'main being ((t)^emperatu:^ of’coal distBlatiop ; 

(6) duration of distillation pefiod ; \c) ’presence of extraneous 
bodies ; ^ exposure of gases J:o heat. • y * 

%{a) With reference to the temperature cjf flistiU^ti-wi, 
« 3 »periments by L. T. Weight gzva the followpig re^ilts^:— 

•« T»mperatur«. 

, Very low - 
• Low ' 

Moderate - 
High 


Yield ol*Si^lphate oj^Amnionia. 
16'4 lbs, per ton ol’coal. 
18'4 „ „ . 

20-4 

191 • ' „ 


Mayer and Altmayer also obtained the following results 
with different classes of coal .v- , 


• 

temperature. 

• • 

• 

Lbs. Snlpliatc of Ammonia per of Coal 

1. 

2. 


4. 

f»0' c. - 
700” C.- 
800“ C. - 
900“ C. ■ 

;,00D“ C. - 

7, N yi coal 

1'2 C 

2:! 4 

2.5 8 * 

21 7 

• 

' M.'!’ 

8-1 J 
1 C r. 

21-3 

20 6 

1 32 

,C-« 

14 7 . 
1(1 2 

17 3 • 
16-7 

99 

(M 

* 9' . 

8-9 

•51 

°/„ Ash in co.d,- 

4'3|- 

ll-C3 

. 21 08 

1161 


ft 

_ 




* * I » * » * 

From the ;»bove we may g.lthefkthat at low temperatures, 
the'yield of ammonia is relatively lou', gradually improving 
as thbjemperatu’reifises, aijd then bn j-eachin** a’tcmpcrarnte 
between 800° C. andfOOO’ C. we* arrirft at a point at,which 
the his^ier temperature,is‘beginning to^have an effect in 
dissociation,.and ou{*yidd of^mmonia laf^giils to decrease. • 

{b) As we .haVe altcjidy si^en, some 50 per* cent, of, Vir 
nitrogen is left in’the coke Tn wl'll-fixei ’condition. 
Prolonged heating tends to^expel soijje.,of this, but unle.ss 
other^jo'nditions a'^ist J.he union of this free nitrogeyi wkh* , 
iiydrogen, an appreciable increasi? of arrynctnia yield is not 
apparent, and the diminution of the output of the f)ven o? 
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refort Inight m6re fhan couivterbalance any i^ain from 
ammonia. ' ■ , .■ 

Xc) E^^periments on this jjoint go to prove ftial the 
addition of'ctfrtain outside bodies to a mass'^of coal duri/ig 
distillatiop has^^a marked effect oti the Ammonia yield,, 
some bodies being favourable, others feeing "decid&dly un¬ 
favourable, ' ' . ' * , " ‘ ' 

Thus an additbn of free nitrogen, calciuijf-carbonate, lime, 
or steam appears in each case to increase the yield, whilst the 
reverse'e'ffect js npted on adding eithermf the following bodies : 
carborr dioxide, ferrous carbonate, ferrous oxide, or ferric 
oxide. The beneficial action of calcium carbonate would be 
•largely neutralised by the cori;osive action of the calcium 
oxide on the expensive brickwork of the retort or coke oven, 
shortening the life very materially. The advantage of a steam 
atmosphere is best seen in the Mond gas producer, in whfch 
a yield of about 90 lbs. of sulphate of ammonia cafl be.-ob- 
tained'as against, say, 24 lbs. from similar coal in coke ovens. 
^ The deleterious effect of iron compounds on the ammonia 
yields should also6e noted. In this respect the amount of 
,ash ti'. a foal,'and more especiallyrthc corry'csition if the ash, 

‘ may have a marked effect on the ammonia yield. 


' (d) Expo.sure'of gases to heat. If we pass a current of 

dry ammonia gas through a heated -tube decomposition takes 
place; Ramsay and Young found that, with a porcelain tube 
filled witlv pieces of^ porcelai.i, ammonia was decomposed to 
, the exteVit of 69'.5 per cent,, at a teniperaturc about 820° C.; 
, whilst with an iron tube filled with the same material 100 
■per cent, of the'ammonia was‘decomposed at,a temperature 
of 7l50° C. Thesh results ap],;car contradictory to our previous 
stYtbments, bu^'m this^we must .consider^,the protective in- 
fluency of other bodie.s. In' coke works’ practice we feave a 
considerable amount of water vapour, evolved with thil’ gases, 
and taking this hitp .account w<i car. cdjculatfe (hat in coke 


wai'ki p’-actiCc each cubic foot of ammonia evo,(ved is atcom- 
panfcd by 170 cub. fti oi' fixed gasds, water vapour, etc. 
Considering file velocjty at which these gases arc withdrawn 
Vo.n t,he ovens, there is very little time^ for dissociation to 
take place. At ‘the same time it is Gn .undoub'ted advantage 
lo keep tjie exit passages as cool,as possi.ble, and in*.good 
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coke overt practice this poilit is cohsicjcred, in’arranging the 
side fkies, so as not to unduly heat, th» crown of the oven. * 
Estimation of Nitrogen in»Coal and Cpke.— The method 
most surtable is that known •as the Kjeldahl j)r 9 ^css^»vhich 
consists in healing the*finely divided material will] (;oncen- 
trated sylphuric acid in presence of mang,Aics'c dio.fide.’ 'I,hc < 
c*ffect ft to destroy ail the carbonaseo'u-g and o;^anic matier, 
,and at tfie same time to convert the whole of tl*c nitrogen* 
intef ammonium sulphate. On then adding a modemte exce.ss 
of sodium hydrate sohition, and distilling into a ..‘Vtandard 
solution of sulphuric acid, the amount of animbnia liberated 
is calculated from the (juantity of sulphuric acid neutralised. 
As to quantities, 1 gm. of coal is a suitable amount to use. 
Heal' with 25 to 30 c.c. of s'lrong sulpl/uric acid for half an 
hour. X'licn add 5 gm. of manganese dioxide and allow to 
bijn for forty-five minutes, and a further 5 gm.,‘heating finally 
Tor ^anotjier forty-five minutes. Allow the mass to cool, and 
very carefully’add a little water. Rinse the whole out into a 
copper flask (glass vessels are useless), Adding a solution vf 
sodium hydrate containing about 25 j*m. yf the solid. Distil 
into a solption o f no rmal si^lphuric acid ; about 15 c.c. <|iluted 
is usually sufficient. Each 1 c.c. of acid neutralised represents^ 
'014 gm. of the nitrogen. It is advisable, to make a blank 
determination on’the majerials ijsed. 

A jnodification of the above which can be recommended 
is to u.se Id gm. of [jotassium sulphate instead of the'maagan- 
ese dioxide, * 'In each case the heatinjf must be ^iontinued 
until a clear, colourless*liquid is o’bfaincd, and for at'least gne 
hour afterwards, ’If the cleati^g takes an unduly long tirrit;^ 
it is most probable that the Ktriginal matftrial has not >betn 
sufficiently finely divided, and an* agate njortar shoukj 
used." Coke is usulilD more difficult Jto decompose than coal. 
Pear-s.!iaped flasks with loqg necks arc especially suitAble for 
the'decomposkion. ^ ^ , * , 

Coking Powei* of Coal. —This ntlaj' be determinpcl by 
heating a portion wvth'varyij^ acnciunJs,of sand,, 'I'helmore 
sand a coal can be mixed with, artd still retain its coking 
power, the bettter its coking’quality. *TKe nurpber eff gram# 
,()f s^l!d per gram* of (Aral forms, a standard of compata's«n‘. 
At tlj,e bottonTof sucli a scale we should’find thewiop-calcing 
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coals, auch as aKthrajfitc, while a strong caking«coal would ■ 
gfve as high a figure a4 14>or 15^ 

.An improverrjent on the a'oove method has beert devised 
bjf^ lownn,' He substitutes crushed anthracite for fhe 
sand jn Campredon’s test, ,passing,>• the ccwl to be tests(J . 
tlifou'gh a ' haff-idillirnetre sievd, whils’c th^ antlwacite is 
powdered^s(b as to .pass .through a millimetfe mefh'and* tc 
retained by a hajf-millimetre tncsh. Thefvarious raixturcst 
are coked in covered crucibles over a burner, but the writer 
prefers^to use, say, five mixtures of p4, 1-8, 1-12, 1-16, 1-20, 
placing 3 gm. of each mixture„^in porcelain crucibles, each 
1 in. diameter, and p.acking the five crucibles in one large 
^porcelain evaporating dish with charcoal. The evapor;iting 
dish is then placed 'in a muffle at full red heat for half an 
hour, withdrawn, cooled, and the residues examined. With 
the proportiolis given above the writer has obtained qmte 
distinctive results. The mixture, which turns out .coherent, 
but cac be crushed to powder by very slight pressure, is taken 
<•>*, the measure of tPc “ agglutinating power.” 

The determination' of the amount of soluble chlor'des 
(common salt, etc.) in coal andn^coke njay be effected as 
..follows:— 

From 10 to 20 gm. of a representative sample of the 
material is crushed to a fine state o,f division (passed at least 
through an 80 sieve), and boiled for an hour with from 100 
to 200 c.c. of distilled water.. This should be dine under a 
reflux cendenser, or'the water may be renewed from time to 
tirpe to ‘compensate for 'evaporation. The liquid is then 
filtered, ind the residue waslicd carefull> several times w'ith 
hot water. If desirable, that, is,, if considerable quantities of 
ch.la'ides are anticipated; the filtrate and washings rpay be ‘ 
made up to a definite Volume, and an ,,a/iquot part uSed for 
the titVation. If’-preferable, the estimation may be done on 
thf,total filtrate. .The solution ipust.he «eutral, or preferably 
fairhtly alkaline, which'can be effected by'the careful addition 
of diJute solution of(Sidi».m'cafi}onate. „ 

The process of estimation depends upon the fact that 

r/ljen silver nitrate is ajided to a Solution contain'mg a 'chloride 

« «•* 

*^“The Agglutinating Powei*'of Coals.” ][. T. Dtjnn, D.Sc., F.I.C.^ 
)our\ Soa C^em. Ind.^ April 30, 1913. ^ 
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and a chromate, the vvhoTe of the foijmer.is precipitated first 
befo*re thet chromate is thrtrwn jiowfti. Further, the chlSride 
is wTifte, whilst the chromate'of silver is jjcd. The chropiate, 
therefore, serves as an indicator of the exar,t lament \jhen 
»ali the chloridfe has bc'jn throjvn out of solution. TJicrefore, 
^ by using a standard solufion of silvjer ifitrate,*aif estimate of 
the ’anjount *of cltloride present* is easily Alculatcd. • By 
dissolving 23 fijlr gm. of crystallised silvej: nitrate in distilldd 
water, and making up the solution to 1 litre (>,000 c.c.), a 
standard is obtainec^ 100 c.c. of which are equivaknt to 0'5 
gm. of chlorine, i.e., 1 c c. *= 005 gm. Cl. , 

By means of a burette, graduated in iV c.c., the above 
solution of silver nitrate is run‘into the solution containing 
chlorides, to which sufficient potassium chromate solution 
(free from chlorides) has been added to form a faint yellow 
colour. At first a milkiness is produced fh the liquid, due 
to the*precipitation of the white silver chloride. The solution 
is kept well stirred with a glass rod until the red chromate; 
of silver which begins to appear just becomes perm.i-jent 
rtius denoting the complete precipitation of the chloricle 
For examplc,-£ssuming,that 20 gm. of coal arc ti-^en, and 
that the total solution obtained as describee^ requires 4 c*c,of 
standard silver nitrate to precipitate the chlorides : 

Then •005x4= 024) gm. G1 in 20 gm coal, etc". 

= '100 gm. Cl in 100 gm. coal, or 
0'10(4per cent, chlorine. 

This can be calculated into sodium chloride, kjiowing that 
3o-5 parts by weight of chlopine* are equivalent to 58-J^ par?s 
by weight >f soahim chloride. • * . 

• This filial volumetric defiymination own be so quickl;^ and 
abcurately made that tjip gravinletric mclilj|od is seldo'ji^used# 
If"it' is desirable^ the chloride (ve.sent in .solution can be, 

' precipitated as silve;- cjiloride by the flddition of a slight 
excess of sflver pltr.nte sciption. * , • , 

' The silver chlojide comes down a*s a wldte curd^-l^oking 
precipitate, whioh'gradually tu<'n^to*aibluish ^rey in orescnce 
of daylight. When settled, the precipitate is filtered off and 
w^hed with hot wjter’several tijies, then careTull^ ^diied,^ 
heated to ^low red heat, and weighed. TJiis must notb(?5orte 
ir»a olatinura vessel. ^ 
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In crv'culatmg ,thc jesult every 143 r) parts bynweight of 
silv'er chloride are cquivdlenti to 5ffi> parts by weight of soUium 
chlryide. , The tot^l chlorides hre estimated finally b^ either 
of ^he<’ab(\Nf ijiethods, but in oVder to get the whofe of th^' 
chloriiu; a different initial treatment ij-mccessaPy. r , 

J''rdin ‘1 ti', 5 gmV of the finely‘ground' material is>-mixed 
intivnatcly witV. 10 todo gm. of lime, as flee as* possifrle* frofn 
Lhlorides. It is a,n advantage,, after mixit^j well, to add 
sufficient distilled water to make a stiff [)aste when stirred with 
a glass rml. The^ mass is slowly drie^l at a sufficiently low 
tempeiv\ture to avoid “spitting” ^Jid consequent loss. It is 
now roasted at a linv red heat at first, then somewhat hotter, 
until all the carbon.iceous' matter is destroyed. Excessive 
heat must be a\oided, Us it will cause volatilisation of chlorides. 
When cool, dissolve carefully in rlilute nitric acid (abeut half 
and half) free fi'oin chlorides, add a moderate excess of silrjeV 
nitrate solution, heat to boiling, allow to settle^ filter-off the 
prccipita'ed silver chloride, wtish thoroughly with hot water, 
drr and ignite, finallj'Veighing the silver chloride. Calculate 
as pieviously described^. An alternative method, and for 
several.reason.^ preferable, is to boij the ina'- which‘remains 
Hi'tOf burning of[ the carbonaceous matter, with distilled water, 
w'hich dissolves out (he chlorides. Filter off from the insoluble 
lime, etc,, and determine the chlorides in Ah’c filtrate either 
voliiinetrically or gravimetrically as previously described,' In 
all the'ie cases it is most importynt to make a blank c/etermina- 
tion on the whole of the materials usefl—minus the coal or 
'cokq, 

“Though the proximate anatysis of coils is, usually the 
one' adopted for practical purpo.s,es, showing as it does the 
amqjret of ash, ^.r-olatile hydrocarbqns, firmed" carbon, rtetke 
yield, and sulphur, it is loccationally desirable to make an 
ultimate^ analysis. Such a test, givjng the total erfibon, 
hydr/)gcn,« and oxygd'n, in'additiijn to- the rcshlt^ obtained 
in a pfoximate analysi's,'enables one to classify the fuel urftier 
certain!. hca(U,,though'torjirmircfat considerations must .also 
be taken into .account in'' such classification, such as coke 
yiijJ4, vohtme of gas, aiqount of ta*!- and arnmonia, the 'three 
I,after df 'which cao only be, satisfactorily deterVnined Eiy a 
test, m'ade.orna manufacturing scalp, or under circumstasces 



VALUATI0N.9F IbcjAL ANEf/COKE . 41 

as nearly’a# possible approaching practjcal vvorl?*ng crjiditions. 
In orWer ta make an ultirtfate a|^aly%is, careful preparation 
and Special apparatus are r<quired, otherwise the rejjMlts 
njay easily bS utterly misl?ading. A certain «nt^of 
experience in chemicaltpianipqjation is also necessarj;. The 
apparatus (EijJ. 16) fhay beTlcscribed as foflows : t-A polceyiin 
o^harfl j^lass cRmbu.Stion tube K is ^iupj^rtcd ot/a combustiion 
furnace, which ^'s supplied with Bunscij burners suitably* 
arranged for heating the tube and causing combustion of the 
coal or other fuel un()fr examination, To each emj of this 
tube is fitted a sound c(jrl<, bored and well fitted wijh glass 
tube through the centres. The fuel, which is being analysed, 
is mixed with copper oxide and heated, gently at first, then 
more strongly. A current of air or ox\^gcu is pas.scd througfi 



the tube, dither under pressure ;jt the end II, or by arf aspirator, 
which draw^’air or oxygen through th?; apparatu*^ from the 
other end c. The incoming aif dr oxygen must be purified* 
by pas.sing throdijh washing’tbwers r and Q. The first cdti-' 
t;yns potassium hydrate to remove carboii,dioxide, the other 
coiitajns putnkc stone soaked ‘ viith stroiyr .sulphuric ,y:id, , 
which will retainlany mdfsture, THc purified air or oxygen, 
assisted by the cupric oxjde with wliich 4he fuel llrs been 
mixed, ensur«s complete c^mbustton of* the fuel, tljc carbon 
being converted to carbon dioxide and the hy4rogen tij rj'ater. 
Any^ combustible, sulphur C(5mi»DUuds» jre at th(j sam|*time 
converted to sulphur dioxide. SoiVe lead chiTomatc or lead 
peroxide mfist be packed loosely in*th^ com(pustioTi tube jn 
j*ord?f to retain • this .^Iphur,'otherwise it^will be hbacrCdd* 
finally in thd* potassium hydrate tube alone witlj the carbon 
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dioxide)! and"givf 109 high a result for the carBon. The 
products of combustiort arf weigliecl after absorption irl tubes 
C and E, which (jontaiii freshly dried calcium chloride and 
st^ong^ sA«tipn of potassium' hydrate resjiectively. TJie 
calciutn chloride must be fjee fropa lime ^calcium oxidf),^ 
ott\erwise\!omc of 'the carbon dio?tide wdmd bi retained in C, 
giving too h>!,'h a result fpr the hydrogeli and* too low'for the 
■ carbon. The ga^n in weight of tube C j{.s due to waterc 
produced* from the hydrogen of the fuel, and water confains 
ll'l pe.r<ccnt. of hydrogen. The gaip in weight of tube E is 
due tOfCarboh dioxide from the carbon of the fuel, and carbon 
dioxide contain.s 27'2 per cent, of carbon. The object of 
^mixing the coal with copper oxide is to prevent the carbon 
being incompletely 'oxidi.sed, ^nd forming carbonic oxide 
instead of carbon dioxide. The former would, not be ■ 
absorbed by the potassium hydrate in tube E, and can- 
sequently too low a result would be obtained. Thp roqtine"*' 
of the analysis may be summarised as follows 

1. Weigh tub'hs C and E very carefully. 

2. Heat tubj toVlull redness, passing a current of pure 

aic or oxygen throughpt, C anc^^: unattached. 

3. Allow end K. of tube to cool. 

4. Fit on tvbcs c and E. 

5. 'Insert porcelain bo,at M with Tu Vo '2 gm. of fuel 

previously dried at 100° C. , 

> 6.' Couple up tubes p qnd Q. ' 

7. « Pass a sloV current of air or oxygen through the 
' apparatus, and* li'ght the gas under the combustion 
• tubcf gradually hcf.t to a cIuUmI'cI. ^ 

8 . GraduaUy increase^, heat, taking care not to fyse 

the lead chromate. • ‘ . 

9. Allow' the preJeess (to proceed^ for half an hour at 

^ least.*- , ‘ «. 

ICk DisconnpcV tubfes C and e (.closing their ends with 
. rubber tube and glass rod), and weigh when cool. 

T5ie dxyjren is esbihated foy differeike. ^Sometimes oxygen 
and nitrogen lare taken • together, but this is unsatisfactory, 
i^uhe rehablc (nethods Being available for the estfmation of the 
laMcrt' ‘ The amoynt of oxygen varie.'t con.sV.enlbly, and'‘is of^ 
great importance in 'ihe selection of coaE for coVing purposes. 
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CALORIFIC POWI^R 

The calorific power <^r heating value of a fuel, aiuj^hence its 
evaporative power, can be^determined by *scvc'ral methods, in 
broad principles the same, namely, the combustion of the fuel 
in oxygen (supplied either in the 
solid or gaseous form), ?tnd the 
measmement of the heat thus pro- 
uced. It is possible also to calcu- 
a,te tlje calorific power from an 
elementary analysis of the fuel. 

The results, however, do not agree 
v#ry closely with those found in a 
practical test. ^ ^ 

In the Lewis Thompson calori¬ 
meter (Fig. 17) a weighed portion 
of fuel is take’n and rnixed w;ith a 
suittible proportion of a mixture of 
potassiurti chlorate and potassium 
nitrate(thre« parts chlorate tooneof 
nitrate), this supplying the oxygen 
necessary for tHh combustiiJij’of the 
&el. After thoroughly mixing, the 
mas^ is trmwferrcd to the siliall 
cofTper cylinder'ancf a fu^ in-^ 
sert'Kl. (The fu.« is made from 
cotton wick str»nc^s, soaked hi 
potassium nitr^e solution, and 
dried.) The coppe/ cylinder,fit^ 
on a base B, on which three spring' 
clips are fi^ced. Over all»a copper* * ^ - 

cylflider C' is-^ccuitid by’t^iese ^ F g. 17? • 
clips, and "a tube* D, with a tap lAib I'liomp*.!! Calnr*met»r. 
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attached^forms the;outlet. ‘The wHole apparatus is.chntained 
in a^glass cylinder E. in yiakiiij 4 test a known quantity 
of water, usually 29,010 grams,•is taken, and the temijorature 
cs^fully n^fed, by a thcrmomefer graduated fn tenfns of a 
degree Fahrenheit. Thirty grains of fhe fuel mixed with teij 
‘‘'to tjvelve tiKses its wHsight of the oxidising'mixt»re arfi,placed 
in the .smaller\:ylindcrt whiph is fixed in‘position. TIk fusd 
is inserted, lighted, and the outer cylinder immediately placed 
in position- and secured by the cli[).s. The whole apparalus 
is immcr.scd in the water before ignition takes place, the tap 
being clp.sed. The products of combustion pass through the 
^ small holes at the bottom of the cylinder, and give up their 
heat to the water. When .all evidence of action ceases, the 
tap is opened and water allowed 'to enter the copper vessel, 
taking up the heat from the inside portions of the apparatus. 
The whole is .slTaken up thoroughly, and the temperature of 
the water again carefully noted. The apparatus itse)f takes" 
, up a certain amount of heat, and usually a l;orrection of 
10. per cent, is made fSr this. 

Example:— ^ ,, 

^Vcight of fuel taken - - - ^ 30 grains 

We'ght of water taken - - - 29,010 „ 

Temperature before ignition - - OO'S” F. 

Temperature after ignition - - 7'3'8° „ 

jRisc fti temperature . - . 13’3° „ , 

Then:-- 

30 -gr. fuel have raised the temperature Gf 29,010 gr. 
'water 13'3'’ F. 

1 g'r. fuel will raise the temperature o1 2J 010-F30 gr. 
water b3'3° F. , 

, < or 1 lb. ■fuel will raise the temperature of 967 lbs. jvater 

13-3” V. ' 

i}e., 1 lb. fue^ gives off 967 X 13'3 British Thermal .Units 

. • = 12,86.1 ■! B.Th.U. , 

AUdwing 10' per cent, for loss, we ^et a calorific powir of 
• 12,861-Fl‘,2^i c«-14,'147 B.Tn.U. 

« The Rgure 29,010 is h.sed as being 967 times the weight of 
Vh'e’fuel. ‘ By looking at abov;c calculation if wilKbe .seen"(hat< 
the calorific power is J;67 x rise in tempera'cure. .‘rs it requires 
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967 heat units to convert*! lb. water at 2^2° I'*, to s^eain, the 

number of ’lbs. of water e^orat|;d (nor converted into stdhm) 

T** 967 X rise in temperafture , *, 

will be,-,-, or the irise in temperature 

• 907 ^ ^ » _ 


plus 10 percerrt. will give at oppe the evaporative power of the 
fuel. Thus fh abcftfe case* the evaporativ^ pow^'s 1'3»' 

^T)s. oT ^ater A 212* F. evaporated, by ^ lb. of f.^^ i.e., 14'6. 

In the Wiliam Thomson 
c^orimeter, instead of using a 
solid oxidising agen|, the gas 
oxygen is supplied either, from 
a gas-holder or a cylinder. 

The combustion is started, as 
in the other case, by means of 
a .shost piece of fuse, or by 
short platinum wire in an 
electrital circuit, which becomes 
hot enough to ignite the fuel 
when a current of electricity is 
pBssed through it. The coal 
or coke may he contained in 
a small platinum capsule, but 
in our experience this is not 
desirable, since ^hc <;ontiniifid 
contact with hot carbonaceous 
matter renders the metal brittle 
in time. Stnall porcelain cru¬ 
cibles answer equally well; ift * 
fact we hiyie 'often used’Arc • “ ‘ ' 

bowl of an ordinary clay i>i[je Fiu. Ijj.—Thomson.D,arhng' 
fr^inj which *the stem had been • Calonmetcr. 

cut off, loosely plugging tlje * ' ^ 

bott»m with a layer of asbestos. The measufSnents of 
temperatures and* c^Jculat^on of’results^ are carrjpd out as 
before. F is cfesirable to note tlfe* time ,occupie^ fy the 
coipbustion, and •aAerwards itake tlje fall in^ temijerature 
experienced by the water during flie same lejigth of time. A 
correction Tor radiation is*thus obtdfne^l. _ • ^ 

**A modification ol* the Tfiopison typejs shown*inlFig. * 
^Tjiomson-Tfarlinp'* calorimeter^ Thf.* combiirtion ebaniber 
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consists a ^^tass bell jar'B, whic'n may be tightly clamped 
to a'brass ring. Oxygen is info the combustion chattiber 
by tile tube C, and the fuel is ignited electrically by tbc^ires 
I). Tile pntxdiifts of combustioh pass into a" flat circulaf 
distributing chamber E, as shown, tlm ga.ses Aeing split up 
linto sniall v-itteams'-by the perforated ifiiper "platei This 
calorimeter h?kt, also Ijech adapted for u.'te with liquid 'fuel.?, 
a small brass lamp with asbestos w’ick replac/ug the crucible 
in this case, 

The ppmb Calorimeter. — In this type of calorimeter, first 
designed by Retthelot, and improverl by Mahler (Fig. 19), the 
combustion of the fuel is carried out in a strong metal vessel, 
made of steel or .some speo-ial alloy, which is in some cases 
liiied with enamel, in others platch with gold inside, to resist 
the corrosive action of the gases produced, and often nickel 
plated outside. Oxygen gas is supplied to this vessel, whicjl 
is called the bomb or grenade, at a pressure of about twenty- 
five atmospheres. The fuel is placed in a small platinum 
crucible or capsule, ov'er which is suspended a short piece of 
iron or steel wire. On 'the passage of an electric curreiit 
through it this wire becomes white hot and bjirns ; the drops 
ol nrolten niagnetic oxide falling into the fuel ignite the latter, 
and the combusfion .continues until all the fuel is consumed. 
In some cases pkitinum wire is jjsed to comrne'nce the opera¬ 
tion. The bomb h.as a tightly fitting lid, screwed on 'o a 
leaden rvashcr. It is immersed in a vessel containing water, 
and thcvvhplc is cont.dncd in a case lined with non-conducting 
[iiaterial to prevent any loss of heat by radiation. The heat 
of combustijii is tivinsfeired through the bomb {o the water 
surrounding it, the,increase in temperature noted, and the 
calculation worked out on similar lines to those previous-ly 
given, corrections 'fjeculiar Co the instruinen^ being allowed for. 

Fig. lO .shows a*cnodification of the Mahler bomb esJori- 
meter desfinied by the late Mr Bryan Donk'n. 

By^ [jeans of these various calorimeters it will be seen 
that file heat produce(|l -by the complete combu.stion of the 
fuel is measuretk Generally speaking, however, the most 
sat'sfactorj- method of'tektiug the siuality of varidus coals is 
t-j) fn’iikf an evaporative test under actual workinj*' conditions. 
The burning Ajualities bf the coal can then be ndfed also, as 



.CAt.orif*:: power' i- 

well as Ric Isind and amemiit of tiinkcr and’lsh vjliioh are 
produced. _To make a tlio^sc Wncs requires careful and 

speci.'i^^rrangcinents, and oc(iupS.-s much lime. Hence’^the 
use of a.calorimeter of some »)-|)e is necessarv'.^nK^tlicre is nj^ 
(Question that su^ch inslnjincnts afford rcliahic comparative data. 



FifJ.'^ir) —M ililtT Di'iikin 


y^n aveVage caifirific vnhie for coal’is atoiij T.riOO cjlyrics, 
or l.'kfiOO 15.Th.LF ,fl^t of (.■)k(; ,si;ms\^’hat less. ^ It fJiTow.s 
from'this that 1 lb. of good coal siV)uld be a^f e to gciierate 
12 to 14 lbs. of steam. In a«tual pr.iCficc^ if (i to_<S lbs.»of .stea»i 
are •fctained per l*lb. fhel, it hi as much as can be e^cjlcc'ied.* 
There are several fact(.)rs which accou.*it for thf diffefen»e 

• • k * 
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between, a ca‘!6rimetric te'.t and Pne practical results. Loss 
of 'heat by radiation ;, the^ impassibility of regulating the 
adrriission of air so as to siipplff exactly the amount {squired 
for the per^ct corribustion of tht. fuel. If too little, imperfect 
combustion occurs with production pf smoke and carbonic 
oxide and ^onsequAnt loss of 'heat>.; if too. much air, ^then tKe 
excess uses hji some pf the heat in raising its ovn tcmperatur'c 
to that of the other gases, which heat would otherwise be 
used for steam generation. Again, injudic'.ous or careless 
firing leads to smoke and carbonic oxide production and loss 
of heat, and the' capacity of gases for heat increases with 
their temperature. 

It is possible to calculate the heating value of a fuel from 
Its chemical composition, knowing the carbon, hydrogen, 
o.xygen, nitrogen, sulphur, ash, and moisture. The substances 
which produce heat when a fuel burns are chiefly carbon and 
hydrogen, and sulphur to a slight extent. Any oxygen whiSIT 
may be present causes a loss of heat, because' it uses up its 
equivalent amount bf hydrogen, leaving only the excess as 
a heat producer. Moisture in the coal, together with t|iat 
produced by the combustion of any oxygen present, takes up 
'heat in iTs conversion into steam,'and of cdur.se the mineral 
matter or ash ik a jion-producer of heat. Calculated heating 
values do mot as a rule agree yery closely with practical tests^ 
or even with calorimetric results. 

Two formula; for calculating heat values are given :— 

P'=8080 C.+k4G2 (H-®)+2p50 S. (Dulong). 

' C. +A. (volatile matter)/^ . 

- -^.(Gontal), 

I _ , 

P = Calorific power in oalories. ~ ' , 

Theii .’ormer i'j bastd on the ultimaM analysis, C. being 
the percentage of tofal carbon. The latter is based on the 
proximate analysis, C. —fixed catbon,'/.r.,.coke —ash. A. is 
a coefficient varying :-f • 

f ■ w ' 

13,000 between 2 d/id l.fi per cent, volatile matter. 

^ 10,000 „ ■'l&undSO s „ 

V , 9,vi00 „ 30 and 35 „ ‘ 

, , 9,00(^ „ s35 and 40 „ 
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gave the following results :— 


% 

Calorips. 

.. ;.x-. 

B.'Pli U. 

Dulong formula - - . 


l.'l.'JGO 

Goutal formula - * • 

S,21G 

11,SI!! 

JyCwis Thompson calorimeter - - ' 

8,0;!J 

1 1,451 

"^lahler bomb calorimeter 

• 1 

•» ' 

«,400 * 

15,120 





CHAPTER VII 

HISTORY OF COKE MANUFACTURE ^ 

Some ;oals are not suited for use in Mast furnaces or foundry 
cuiiol.'s owinj^ to their cakino pr iperties. The caking is due 
to the constituents of tlic volatile matter of the coal and the 
manner in which these cunstitucMits are grouped. The object 
of coke nianulaclurc is to convert such caking coals into a 
fuel which is non-caking, richer in fixed carbon, and in better 
physii.il condition as to size, hardness, etc,, for use in,^c 
blast lurnace or foundry. In coking we aim at the complete 
cxpulsmn Ilf the vpjatilc matter by me,ms of heat, letiving the 
fixed caiboii which, along with the ash or mineral matter, 
forms coke In t'le early .ittcmpls at coking the coal was 
he.itC'ior coked in mounds or heaps in the open air (Fig, 20(r), 
a portion of (he heap being allowed to burn away completely 
to supply the necessary heat. In this case the volatile matter 
with ils v.iluable by-products was ailov ed to pass into the 
open air, but .i patent was secured by Jones in IS,')1I ,',i which 
it was pioposcd to dr.iw off ‘.he vapours from the old type ol 
coke heap through a series of pi|ics„.condensers, etc, as used 
in gas manufaetmc The low yield of coke, however, con¬ 
demned the open mound, and 'attempts were made to improve 
the process by c,infilling th ■ coal within walls (I'ig. 20/;), tho 
necessary air for combustion of a.|)ortion of the charge being 
better,'gintioiled by ine;ins cf dampeis ;ini.l flues, etc. In this 
case also the vkikUile matter was not made use of. The 
enclosed type of coke oven (Fig. jlOf) then came in.to being, and 
thq.- wo'atilc matter, hitherto completely wasted, wa.s burnt 
inside the cjiambei, suyiil.ing a great portion of the heat 
formerly obtained at the cxpen.se of the coke itself, 

The'^shape of the enclosed type of oven was improved, and 
in the later beehh’e oven (Fig. 20d) is indicated by the name, the 
interior di.nensions'being usually about 12 ft. in diameter and 

. CO 
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7 ft. Jiifih. The inner i.s of r^fractftry brickwork, and 

the space between this linin'^ at|d the outside walls is^llcd 
with .sa'iid, sl^, or brickbatj, to retain the heat. They* are 
usually built in double rows, each oven being*c(^incc*c(l toa 
(onimon fiuc.^flie jiuiifJct^on feeing contlolled bv a damper., 
jdie waste hc|t froiji this flue passes through ^e boiler? to 
the cTivKiney. The operation of cokuig is caifeicd or* a^ 
fo^ows: The 4forway is partially built «ip, and the charge 
of slack fed into the oven from hoppers. Sometimes a small 
fire at the door is nectrssary to start the action, hiU'wlu n in 
full working order, the hca\ retained in the oven bricRwork is 
usually sufficient. The charge is levelled and the door built • 
u[). For a few hours the g.-^s comes ofEslowly, and is not of» 
quality to ignite, but after a short time the gas comes off 
mor,e frtcly, and at this stage a little air is^admitted above 
ti'^chargc to burn the gas, the heat from this combustion 
being rcdlectcii by the roof on to the charge below. The heat 
of the oven gradually increases, and the*vholc of tlic volatile 
matter is finally expelled. This requires about three da)^, 
aitfl during the last [wrtion of the V'oking the door is 
thoroughly luted to c.xchide air entirely, to avc>w* iiiuhie* 
loss of coke. The yield of coke in these ovens, using slack 
containing dO per cent, volatile matter, ‘ranges from about 
.bO to 60 per cent .'showhig a loss of I 0 to 14 per cent, through 
admir^-ioiijof air to the coking chamber. • , * 

When all,trace of gvis is alfeent the <n.iss of incandescent 
coke is (iiieiichcd inside the ocyq, involving a fui,tlier w.iste* 
of heat, ainl the, charge is then raked out d'o ^ivoid tlys. 
Cooling of th« oven itself by*(|uenching, modifications of tlip 
• ovfen have beyn built in whiih'ljie charge*may be drawn out 
by 1nc*chanic.d mVaus a'v! (]ucnchej outsids.;*in some c.fses 
the waste .heat flni^are carried* underRcath^the ovoKlVloor to 
supplefnent the- heat froat above thcfh.irgy ( Fig. 20i') Several 
attempts were* marj? t-'i reci»ver by-pr^iijucts in ovens of* the 
beehi’ve type, and about IS70 exteiisij'e trials were nfatV; in 
this aountry bj' Mt's’sft Bell* ]!ro*s. yid Tlie W’igah Coal and 
Iron Company, using the yernolet t'T'i '^’f oven (I^ig 20/ ^ 
TheJ:j'pe put^dowy by,the latter firm* was a modificyitipn by , 
•Voung, in vvl^ch the peases were drawn off' jflst above the coal 
by aft exhauster, and aftef passiiig through a ^y»pro‘duct 
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plant, were fed into the furnace iinrle/neath the oven and burnt, 
thcproducts of coinbustioi thence passing through a casing 
enclosing the done, and finally passing to the chimney, 
"^litker. anrl Jameson also endeavoured to ada|,)t the beehive¬ 
shaped oven for tkc recovery of by-'products, both following 
thh plan ot'glownward suction. All these early adaptations 
failed on account of tne doubtful quality of the coke y.odue'ed. 
In the non-rccovory beehive oven the tarrj.“vapours had to' 
pass upwards through the layers of hot coke, depositing a 
portion'df their .carbon by decompoeition, and helping to 
cemeiu' the whole, giving finally the hard, silvery beehive 
coke. In the I’crnolet, Aitkcn, and Jameson ovens the 
■ vapours were drawn away as fijst as produced through the 
cooler layers, and no deposition of carbon took place. The 
[lortions of the charge farthest removed from the source of 
heat were distilled very slowly, and by the time the ht^t 
reached them the coking properties would Ijo conn'derably 
lessened'. The Peeiolet oven was rightly designed in that 
the chamber was kept enclosed and air excluded as much 
as possible, but thewhstdlation wa'- after all a low temperature 
one, ai*' conse<iucntly the tars produced were thin, containing 
'a large percentage of paraffin bodies, whilst the sulphate 
yield was low. Ifowevcr, a later development of the Pernolet 
oven was erected at the Shamrock Pit, V/estjihalia, in 1886, 
in which a regenerative system was used. The charges were 
coked in comparapvcly shallow layers, and the quality of 
the cok'c was satisfactory. For yuly coking coals the 
beehive oven is well adapted, and the beehive coke of this 
country and of the Connellsville region in thci United States 
has deservedly a 'ivorld-wide ','eputation, but on the Continent 
a great proportion of the' coal merges info Ihe lean vafiety, 
and it/o’S found that.-to obPain satisfactory coke more rapid 
coking with higher temiieraturu was necessary, AVid the 
Belgian type of- oyqn (Fig. tFlg") was'-, desi'gned for such 
cosdfuions. Here we see the origin of the retort-slnaped 
overt which/ with barrjiwtlf chambeft., was utilised in the 
earlier Coppee oven. ^ These proved so successful on the 
'Continent as to meri^ serious consideratjon in this country, 
and in 1873 a battery of' Coppee ovens was in operation, 
hear Sheffield. Many of these evens were erected, but they 
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have now been largely replaced the modern Coilfi&> and 
other*recentby-product ovi?!it, l • 

Tlrt* early Coppee oven ^Fig. 20//' consisted of Ft/ng 
rectangular chfimbers about ^!0 ft. long and .“i f^6 in. high* 

, TJiey were usivally buijt witli^ a .slight ^aper, being, 15 to 
17 in. wide at<)nc etid, and* 18 to 20 in. at the otl^, to les^n ‘ 
tFfc fri«t[on of the c/Ike on the oven walls whilst djschargkig. 

• The ovens wer^jcharged from the top, and the gases from* 
the’ovens passe3 as shown into a series of vertical flues in 
which was also admitted the air necessarj/ for co«ibustion. 
This air was in some case.s heated to a temperature pf 700° 
F., by being conducted through passages in the hot brick¬ 
work underneath the ovens. Tho heated products of com¬ 
bustion passed downwards into a sole fliA;, and then, tiaversing 
the whole length of the oven, returned by the sole flue of 
tire, adjoining oven to the chimney flue, passiTig under boilers 
before peaching the atmosphere. The advantages gained 
in this oven wa;re: Increased yield through exclusion of air 
from the coking chamber, shorter coking period, external 
quenching of coke, saving of time ^nd,labour through the 
use of mechanical appliances, etc. This oven lias, o^coiirse,^ 
been considerably modified, and is now adapted for the 
recovery of by-products. The modern by»product oven may 
be looked on as re.'^lting^from the combination of the enclosed 
beehirje chamber with external heating (I’ernolet typg), and 
the retort-shaped oven (Copi.ipe type). The first* attempts 
at this combination were made about IhFiO in the Unab oven 
modified by Carves, and in fUSf the Carves ovtn, further* 
improved by ^infon, was intrnSuced into thin countfy. ' * 
, Shortly after this the Senjet-Solvay wven was brought 
out, but for' “rome time the by-product pveii made ly:tle . 
progress, owing t6 the prejudige oP the irofirnastere against 
the a{i(iearance of the coke; but once tilis prejudice was 
overcome, th» by-product oven nfadc Substantial (progress, 
as isdicated by 3he diagram in tfie* first ^chapter., .The 
development of coking' syste^rfls is skov^r* in Fig. 21). . 

{a) Coke heap, on the lines of th'e old char/ioal pile. 

'i) Cokitfg between waits, air beiflg itiore under Jontrol 
13 Approximate sltapc of earlier enclosed ovens.* *• 

(^) Mod3hn beehive coke oven. 





Fig. 20.—Development of Coki'^g Syi‘rm&. 
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ThI! recent developments in coke oven design may be 
classified in various wa^-s First, taking the arranj^^ncnt ol 
the coking chamber, this n;ay be :— 

(a) Horizontal. 

(/>) Inclined. 

(c) Vertical. 

• (a) All modern coke ovens, with very few exceptions, have 
horizonbil chambers. 

(/;) Ovens "with inclined chambers have been primarily 
designed for gas manufacture, and scarcely come within the 
scgpe of this work. So far, although in cxi.stcncc in a fe\v 
towns in Germany, only one example exists iij this country, 
at Darwen, where a battery of inclined ovens has beeu'erectiid, 
but of which no complete results have as ^et been m.ule 
public. The tendency in modern coking practice is in the 
direction of larger chambers, and in the author’s opinion the 
erection df inclined chambers of large size fnust present 
considerableStructural difficulties. * , 

(c) These do ngt ?ippcai tr» have made headway. The* 
type designed b/ A. O. Jones,’in IhOO prcse.ntcd curtain ve.»y * 
dijsirable features, but many of^these are aiso incorporated ih 

* the, most .rdtent type of horizontal ovens, ip the w.iy of ^ 
greater depth of dharge, dooler pp[)e» layers, «c. 

Ct^sc ovens may also be classifie'd'accoxling to“u1e direc¬ 
tion of the heating ^ue,*!, wliich may be ;-w 
(a) I^orizontak* * 
r-'(^) Ydriiuak* ’’ 

• 

(a) In t!«e horizontal Sued ove*s ihe flues are usually 
•captWe of enamiVatiOii thronghout ’their wh’ole Icwigtji, ilie, 

* regu^tion <Jf heat being thereVy simplifie’d. On the othfr 

!5 
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hand, tlfc gases have a much longer travel to the chimney 
than obtains in a vertica'l fljicd oven. ’ 

{h) In the vertical Hued oVens the gases have a' s’horter 
^issage, aiiN’ the gas stream is capable of being subdivided 
into many small tcctions of the IRue systdrn to assist in 
■seojring nK\j; uniform heating of the oven uall.' Th(: various 
designers of coke ove'.is have their own particular tji-;,", each 
with professed advantages, but the writer, af^- observation of 
several pkints of both types, has not seen any marked advan¬ 
tage of t'ii’e horizontal flue over the vertical flue, or vice versa. 

A further very important classification relates to the 
method of utilising the heat in the s[jcnt products of com- 
tiustion from the coke oven Hues. According as the heat 
from these spent products is to any great extent returned to 
the oven flues or utilised for some external purpose, we may 
classify the oven as ■— 

(a) Regenerative. . 

,, (/>) Waste heat. 

The coke oven,Hues are heated by gas burnt with the 
.correctproportion of air. In a regenerative oven the greater 
pil’rtion of the lieat in the spent gases Irom the (lues is trans¬ 
ferred to the air supply. As this air supply is thus carrying 
coiisidciablc heat into the Hues, a less,supj)ly of gas is 
necessiry to maintain the desired temperature, and a greater 
proportion of gas is rendered disposable for purposes not 
directly' connected with the coke ph|nt itself,' such as gas 
lighting, gas engines, etc. On the other hand, the transference 
ql heat from the .>pcnt gases leaves them merely hot enough 
to create the necessary draught at the chimney, and no boat 
is lf*rt for any'Other puipo.ke. The coke maiudacturer cannot 
have it j^/'tli ways. Of, the heat units represented in the gas 
evolved from the' ovens a surplus is available cither 'in the 
fornvof'Mive gas” for lighting, yi.ower, etc., or •'waste heat” 
for steam production, power, etc. His choice would be iii- 
Huenced lacg^ely by igeog.-aphidal cond'ticns. If the plant 
were in close p.'oximity to a town or well-populated district, 
S regenerative pven giving a greater jiroportion'of spare gas 
wduld probably be a more.attractive pro|)osifion. It"may 
definitely be taken 'for granted fhat coke oven gas frym a 
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modern well-designed plant is ifurte snitabfe* for^lighting 
purposes, more especially'mn’ier the ednditions likely to obtain 
in the ntar future. As a matter fif fact, the following tivvns 
in this country’arc already us'ing very large ijuini^ities of coko 
oyen gas:—Eirnringhai^, Lccdj, Middlesbrough. 

In Oerrnahy, ift the iJortmund area, in whieh the grpat ' 
nfhjorhy of tlfc cok'e ovens exist, tho^onsumptipn of soke 


'las a(l';anced as follows ;— 

• 

* ( i.lS Sf)t(l 

Year 

Millisii^ of Cull 

1908 - . - 

. , loo’* 

1909 - - * - 

hfio 1 

1910 .... 

1 ,.100 

1911 - . , . • - 

:!,ooo 

1912 .... 

■ - 5,000 


wliilst tlie latest figures available from the Umteil States 
indicate, that over 120 million cub. ft. of coke oven gas per 
day are sold for illuminating and domestic fuel purposes. 

The tendency in coke oven practice at the present time 
ajipears to lean towards the regenerative^ ovefi. At the same 
time a coke plant may^be required for a. district some^ 
distance away from industrial centres, possibly' in tlie region 
of collieries requiring power for pumping, haulage, etc. 
*Taking into conpideratjon the high efficiency of a modern 
steam turbine, a waste heat plant in this case would bejvoi thy 
of serious consideiation. One.point to be remembered in the 
case of waste*heat ovens is the effect of a lluctuatmg load in 
the power house. i^ecrease iA tlie load lessens the ilemand* 
for steam, ai^id 'since the waste heat cannot be" stored,’a' 
portion of it at times must Ije by-passed to the chimney. 
Inithf case'oJ a regeneiative o’von, the surplus gas map be ,< 
conveniently stored in a holdcy dufing the'slack periods to 
act as»a reserve, thus avoiding waste of powtr. 

A theoretical ciMisidcration of the [iriilciple of regeneration 
is ujeful. Taking one known exam|)lt' of vvastc lic.'^l .oven 
in actual working,fM-actice, it'Wc'es fpiifui that 72 jier ejnt. of 
the gas evolved wasjiurnt in the'flues. 'I'liis'amounted to 
approximaWly 7,WO cub. ‘ft. of g;ft_ of a calorific* value "jf 
,*4S,'?l5.Th.U. *per cub. *ft, (net) (jor every ton of coll *tok«d.» 
Thu^each t8n of cofd reciuired in rounu'figures aji adinissiim 
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Df 3,600,1^0 B.fPh.U. into the flues. E'or the particular variety 
md condition of coal dealt, witlv w' thi.s instance, the figure 
■emalns the same whether cOldjair or pre-heated air is used, 
ind the followyig talculation shows the effect of admitting 
lir at iflcreasingiy higher temperatur^j^s into ^he coke oven 
lues. ' ' , , , ■’ 


Benzenes 
(Jlefines „ • 
Marsh gas • 
Hydrogen - 
Carbon monoxide 
Carbon dioxide ■ 
Oxygen 
Nitrogen • 

Average 


An.i!y''ix*^ 

Cub. l‘t. Air 

IkTh.U. ' 

Weigh!. 

W'/iighi of 

(Coke 

per Cub. In. 

per (’ill). 

I.L per 

Consts. in 

Ovenf). 

Cab. 

Kt. (Na). 

CiS l•■t. 

100 Cub. I'l. 

I’hi ('fill 




uT 

bo 

;!:> H 

:kr)74’ 

• 2 f:s 

20S 

l-t 

14:{ 

,j,r)io 

(ITS 

•109 

2,S H 

0 n4 

919 

1)447 

1 2S7 

rA 1 

2-:i9 

272 

DO.SO 

■:m 

.s-n 

2';ks 

o90 

U7S2 

■a'.ii 

2 0 



•I2:u 

247 

(1 + 


. 

os‘):{ 

im 

7:t 



07N4 

•.^72 


4-72 

4sr) 

o;n.7 



Temperature or • 

^ , Atfr' 

‘a. 

Heat Uiu's in 

5 Cu^' Ft. Air 
(l.css Units .It 
Atmufvphenc 
'rcmperatuie} 

n 

Heat Units. 

(4S.-, 

(■as 4-Air ■{ 1 

1 A 

(I'erCul) bt. 

< Jas Viuriit in 

1‘ lues). 

C. 

Cub. Ft. 
Cas 

(5,600,000 
-tB) 

(Per Ton 
Coal 

Carbonistd) 

o 

D. 

Surplus 
(jas <\ 
(10,500-C. 
etc.}. 

Fahr. 

'Cent. 




I'cr Cent. 

60'’ 

15" 

Nil. 

4l’i) B Th U 

7,422 

29 

572 

rSOO 

50 B.Tli.ir. 

5:15 

6,729'' 

•M> 

1,112 

m) 

106 „ ^ 

591 „ * 

6,091 

42 

1,652 

900 

164 

'649 „ 

5,547 

47 


actual practice these;, results luve been .exceeded, and 
nstances of 00 per cent, spare gas have beeO known. There 
ire variofi'^ methods of 'transferring heat ffom spent gases to 
he air supply. The simplest method is to Jengthen the 
:ourse of the hot, spent gases, and fo carry the air supply it^ the 
ippo'si'ie direction thro,^gh,adj^c<tnt passages. The heat from 
he spent prdJjicts is transmitted through the intervening 
wall to tke air, but snla's this wall is unduly .fhin, giving 
risai tQ'a'serious risk of leakage, or unless'the'passages-'are 
oCgr^at length, flic-efficiency of this method Cs low._^ A 
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typical example is given in Fig.* 21, an ^earfj^ reculierative 
systm of Simon-Carves.' *A deiiidefi increase ia. efificiency 
is obtained in the Semet - Solwiy continuous type of, re¬ 
cuperator, in ?vhich specially designed blockstar,e used, and- 
which is shown* in Fig.*,22. TJiough not f|uite as effig'ent as 
the reversing type,Ml is hal a decided advantaee. in that tlie 
•• •. • • 

'MMNEr z. 



Fig. 21 —Early Recuperative Systtifn. 
(Simon-Carvt^s.) 


gas ary:l air in thf^ flues flow continuously ^in one''^irection, 
and the mecljanicaJ difficulties in 'reveriing are avjided, as 
well is the alternations in tSe tempeitittires qf the air.^ *The 
earliest application pf the Si*msns,pifnciple of regenei‘a\ion 
to coke oven practice was ’in the Otto-Hoffijilnn oven, the 
principle of -vhich is shown«in Fig. 2>;. • • j 

• this case thJ vertical fluSs are divided into twd groups. * 
The j^aste teat froiw the oven rfues is ISeing pasjed through 
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the chamber A, filled with chequered brickwork, which in 
tiiiic*becortles considerably WatcM. 'In the meantime ,cold 
air is b'eing blown through tftc chamber which lias been 
previously heated. The air becomes lieatcd to a_,temijeraturc 
between 900° ^nd 1,000° C., and meets the gas in tl'e com- 
^stion'chanaber The products of combustion rise, in 
the Icift' hand section of the flues, and •Kir^cend iij the right- 



•Fic 2.'^ —Re'.ersing’l'rintiple of Kcgener.tiion. 

f * 


haVid*section.’ T^hus, in, the po.silion shown in the diag/am, » 
the air and gas ,are travelliI^g cli}c|.\vise This^g-annot go , 
on indefinitely, othenyise the cold air would gradually cool 
B to atmospheric ‘temperajure, and th^ rjven would become 
a w’Iste heat oven. Conseiiuently, about every half-hp'jr the 
damper E is revertirid to llih |!osKion* shown ^clotted,, whilst 
all the gas cocks at G are simultaneously opened, and those 
at^jj closed., /\ lit^e consideration ’ of thp diagram will ^ 
show the yew' direction of air and ^a.s, etc., to ilorV 
anti^clockwise. 
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The'principle is the same in all^‘:ypcs of regenerative ovens, 
varvations occurring in the position of tlic regenerators. Some 
have regenerators common to a'g the ovens in a battery, others 
have .separate individual systems of chambers for each oven. 

A -recent typiA of regenetatiye Vystem, ks designed by 
the writer, is shown in Fig 24. The essential feature consists 
of ihe use of two ri?gcncrators for each oven, each 01 the.se 
regenerators being, divided into an ufiper r^rtd lower section * 
to lengthen the path of the waste gases and air. The waste 
heat fro.h any patiicular .sole flue is deflected into the right- 
hand and left-hand chamber alternately, whilst the air passes 
through the remaining chamber. The dampers for this 
,Durpose are worked by cranks jind connecting rods from a 
common shaft. If u.sed as a reversing system, it will be seen 
that, whatever the iiosilion of the dampers, the regenerators 
for air and spent gases alternate. Thus air passing to Ae 
liven is .ilways sandwiclicd between chamberg receiving hot 
spent ga.ses, and is, always passing in the opposite dweetion. 
Thus the pv'nciple of, a continuous system is incorporated 
in a reversing system. The lengthening of the courses of file 
product^ allotvs time for a portion of tlu; heat to be trans¬ 
ferred througli„tlic vertical dividing wall. The leiigtliencd 
contact and counter-current .system allows the air to pick 
up heat gradually, and avoids undue ■-ho..k from admitting 
cold r.ir dire.ct into a hot regeiici.itor, whilst tby vai iation 
in temperature at llip hot air'distiibuting flue is Ic'-scned by 
utilising 'co a greater extent the principle of a continuous 
regenerator. .'Ml the reversing lovers arc^ on one side of 
t.hc oven, and the dampers aid arranged to [Tormit of ea.sy 
removal for repaii't. A main Vex ersing valve is not necessafyg . 
anefthe systeili avoids any reversal, of gas,,cocks, the flmV of 
gases iru,tlie Hues beiflg coiftinuous. The position of the 
regenerative chambers relative to the oven battery'allows 
indivMual repairs t(^ any oveiiyOr rcgc'iteratur, whilst the 
lowpr 'half of a regenerator, being the cooler, diminishes the 
heat losses by' radiatidn info flie't'oundatisiis. The illustration 
shows the system adapted to a horizontal fined oven, but it 
ill not intended that the system .shoi^ld b,e confined to,this 
class of oven, it being possible in certain cases to adapt it ' 
tb a vertical flued oven. ■ 
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RECENT TYPES OF COKE OVENS'' 

The Semet-Solvay oven is a lion/oiital flucd oven of stroiif;, 
substantial (Icsigfl. In the standahl type (Fib's, -u and 
'dGjthc heavy superstructure of the oven is supported by a 
division wall, the lines bein'; entirely independent. This ty|)e 
'lias an undoubtedly lonb life and offers special facilities for 
repairs to the liniiibs, a point of great value where coal of 
unduly high s.dt content is to be used The oven is 
strengthened by the brickwork of the division walls being of 
less refractory but tougher material than that of the (lues 
themselves. • ■ 

As well 'a w, materially strengthening the oven, this pillar 
acts as a reservoir oV heat, a great advantage during teinporltry 
Si^oppaj^bs of the plant. The lu^it stored in the pillar also 
assists in counkeracting the cooling of the flues through the' 
introduction of a charge of wet slack. A somewhat cheaper 
type is also designed in which thb flues' arc built into the 
division Walls ("see Fig. 2(i, li). 

It will be noted 'that in the .Scmet-Solvav oven, each oven 
is entirely independent oC ips neighbi'ur, having two series of 
side flues instead of a series of flues common to two adjoining 
ovens (as is tlie case in the^m.ajority of retort ovens). The 
hect of the oven is thuf more readily controlled, and liny, 
single oven may be rapaired without iioterfering with the 
working'’of the t>vo adjoining ovens. Toonsure gas tightness, 
a very .important item i-ideed, the flues are tisuallytuiilt of 
smjil rectangular blacks about ' ! x 4 x 2 m. I n larger blocks 
the deformation or ^warping, fo which all blocks arc liable, 
is more atc^entuated, causing* the ’joints to opea and 
> allowing a portion, of .'■he gas ,to pas-, into the side flues, 
t.!ius adversely affccling the yicLl of by-produejs- and 
.surplus gfis. These smalt bricks can readily be obtained 
;vitji very uniform surfaces, and,the jointing need n^St, with 




Fig. 25.—SEMr.T-SoLVA\\ Oven. 
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ordinary care, be,more tllan ^ in, in tliickness. The gases 
froip the oven, after tfeinj^ passed through the, by-pnaduct 
plant, return to t|ic distrifiutitig main from which they are 
fed injo tli^ ‘ilucs as shown. In the wasti heat type of 
Semct-.Solvay ovch, the air fpr comitu.stion is preheated by , 
bc»ing drawn through [jassages untierneath the'ovenj to about 

' . t ' ■ . , f 
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RKGKNT TYI’KS Ol' \COKK OVENS , 

M * •. 

In the Scmct-Solvay ^ecupei'.rtive ovqii the air- is pre- 
heate'd to Icnipcratures up ito C. Gas and airfare 

adniittetl into the top flue,|thc* air in this flue being in 



e-rcess, in order to prevent overheating of the toj? of the oven. 
Tlie gas anrt air supplies ^ire reinl^reefl in the seSond an<4 
jthird'flues to bring abdiit the'cofrect proportions ot'gAs a,id* 
air fftT efifidlent conlbustion, whilst in' the four*Ji _fluc this 


®Fig. 27 . —Huessener*i^ven. (Co^i Disiillation 
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combusflon is completed, ‘ Typij'a^ tcniperatiire.s of the flues 

arc f- ' ' t • ' 

. * .1 

Top flue, 900^ C,; (second flue, 1<,0o0^ C.; third, flue, 1,100’ C. 

• % 

The Semet-.Sofray oven ij'. also -Iniilt wikh reversing rp- ' 
generators, the burnt products travelling flown^'ards through 
the* flues during one* period, and upwartl.s'difl'ing t|ic*oth?r. 
‘leach design is generally built with four flije<:, though some- • 
times five*’are used, but in the United States this oven is 
usually ifl greater^diineiisions, often sip flues high and coking 
10 tonsr|)cr charge. The practice there is in favour of higher 
heats and consc(iuently more; rapid coking, charges being 
^worked off in about cightexVn hours. 

Tlie llucssener oven (Figs. 27 and 28) is the ty[)e of 
waste heat oven ailoplcd by the Coal Distillation Co., Middles¬ 
brough, and is*^ also of the horizontal lined type. Tl'ic 
arrangement of the flues is somewhat similar to thcioriginal 
i I'arves oven, but, like the .Semet-Snlvay type, each 
oven has'pjppown side^ flues, and is entirely independent of 
the adjoining Ssens,. The flues are constructed of refract<iyy , 
• tiles and bricks well dovetailed together. The air for r-im- 
IJustion is not ju'cheated. The gas and air supjilicd are well 
under control, and good heats arc obtained in the (lues, the 
following temperatures being given by C. «;.owthian Bell in h 
valuable jtaper on the llucssener oven, read before the Iron 
and Steel Institute in 1904. , 

■ Bottom side flue,,.1,900° F.f 1,087° C. 

Top „ „ 2,200' „ 1,207’ „ 

%Thc g<is supply is well, distributed, being iaknitted to, the ' 
flues at tweUe tiiffercnt*points .v i'n each'oven, six on each 
side of the oven*. The regenerative ovci'i' of the aboye firm 
is the Collin oven dtscribtd later. ' ^ , 

somewhaj si'mifai'typc of ofen is adopted by the l::^'mon- 
CaiVfs Coke Oven ^'Ansjtriiptiii'n Co., to, meet the wishes of 
clients specially desiring a waste heat oven with horizontal 
flues. The main ptinci>ple will •readily be so;n from the 
idi>awir,g,''F'ig. ’29. ^ ‘ 

. The air,is not pfeheated, but is admitted thftmgh ^special 
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regulating devices 'incorporated j^i %le armour plating support¬ 
ing the buttresses. The sipnc^firm have also a veitical flued 
oven adapted ,as fi waste hcat*'or regenerative oven. The 
special'featui'es oflboth these types lie in the arrangements 
for controlling the gas and air si.pplies do tl>e flues The 
was,te hcat|^ type is sjiown in Fig. MO. The gas is fed inf') 
combustion chambers 11, I M, 13, and 14, by meam; of fire¬ 
brick tubcv and the gas cocks M, 4, .3, and O.'t The air is pre¬ 
heated in passages 13 in the oven foundations, and passing 
along 19 and MO fs subdivided b)g tlni tubes M5, MG, and 27, 
each tube possessing a special damper. Tliese dampers are 
' within easy reach of the operator. The gas cocks being also 
kdjacent, the air and gas for cachoection can be adjusted to a 
nicety, whilst the subdivision of the flue system into eight 
sections assists in securing uniforinity of heating along the 
oven wall. The regenerative type is shown in Fig. i!l. In 
'tJygWpc the system of admitting gas and a<r by specially 
design^T-Srebrick tubes likewise obtains, but the oven wall is 
divided intorar section^ instead of eight. The same facilities 
for control of gas an'd air are present in this type as shown 'in 
the drawings and emphasised in Fig. MM. 

The Otto o4cn as now built is a distinct improvement on 
the earlier Otto-Hoffmann oven. The verlifgd flue has beep 
retained, but the distribution of gas to the ifues has been con¬ 
siderably‘modified, the special feature being the “underfired” 
system of heating the flues. In the waste heat type (Fig. MM) 
'the gas is fed into the combustion cham'oers by si.xtcen Binsen 
■ burners, the neces.sary air being drawn in, partly at the 
burners and partly through ports in the side of the combusdoh . 
chambers. These burners, arc easily accessible;, vnd the com- 
bus'tion of the gar is well under control, whilst the subdivi.sion ef 
the flue sySrem into .seVe'rai distinct sections allows a uniform 
heat to l)e maintained throughout the length of the oven wall. 

Tne gas ignitds at 'the level mf the coking chamber, and 
rise's Vertically through'the heading flues, following its natural 
tendency. Tlip chimney draught is thun decreased, and the 
loss of.gas is reduced ton minimgm. The regeperative type 
/Kig. M4)'ls als'c “ undcriired,” but the, air is preheated vi the 
regenerators, spcdall'/'arranged as shown, to allo\ii''asv access 
for inspection and repairs, etc. 
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Tlie Kopjiers cCikc oneiA's o'f vertical flued type, possessing 
many striking features in ^he heating arrangements ,of the 
flues. The o\ien ‘is built in types—waiite heat and 

regenefStive. •The’waste heat oven is of ve^y simple con¬ 
struction. The gas, after being dc^rrived ef it,‘» by-product?;, 
is Ted from the distributing main C into tpiie g.'is distributing 
ghannel E formed of firebrick pipes. The gas passes from 
this channtl througli orifices, each fitted \vll4i a gas nozzle, 
into the ycrtical flues. These flues, numbering from thirty 
to thirt)'-five, have4;ach a separate iy.)z;flc, the details of which 
are shown in Fig. 3G. The nozzles have oval shaped orifices, 
'and by means of a rod with a T end may be very easily 
thanged. These nozi'.les have orifices of varying size, so 
that the amount of gas pa.ssing into each individual flue can 
be perfectly adjiysted. The air ncce.ssary for combustion is 
drawn in by the chimney draught through the air distributing 
channel G from the air conduit F. From this channel it 
issues by the ports Ifc into the combustion flue K, flowing 
found the nozzle U and keeping it comparatively cool. The 
amount of air is'controlled by the unique damper arrang* 
hjent shown in Fig. 30. As both'dampers and gas no/zles 
may be adjustiSl from the top of the oven, the cesmbustion 
of gas in the flues can be easily controlled spyrs to maintain 
an exceedingly high state of efficiency, and the greater 
number ofcgas jets ensures a uniform temperature of the oven 
walls fronyend to end. The products of combust,ton pass into 
the waste heat flue through a passage regelated bythedamirer r. 

■ fc The rsgenerative type of Koppers coke oven is shown in 
Mg. 37. This is an improvegient on the original Koppers'* 
regenerative oven, in that each oven has an eivtisely separate 
regdicrator which allows prf repairs to individual oveni with¬ 
out affectii'.j,’'thea'emaiiM6r of* the battery. « The reversing of 
the gas jnd air is done .simultaneously along the whole of 
the bSttery by ^ Hnk arrangement shown'in Il‘'ig. 38. ^ It is 
fourftl'that the waste hout is more than sufficient to maintain 
the heat in the regenerators, and conseq»ently arrangenients 
^re provided for taking ,off a portion of the ,products of 
ijrju.nbustion thvough the gas flues T,anc>y, Fig. :!7. •The 
ai;rangements for fegr.lating The combu.stion in thctoia4jyidual 
flues are fl>; same as described in tlje waste heat type. 
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The Collin oven (Ci)al'D^itilietion Co., Middlesbrough), 

Fig! 40, is of the vcrtic.nl Hued type with "or without 
regenerators. .The construction of this type of oven will be 
seen from the. sections which show a scries of flues with bond 
stones between. These bond stones dre hcjllow./orming fliiSs 
which, in the case of the waste heat oven, scrv;c to lead tljt; 
proclucts of combustion to the main waste heat flue; Tn the 
case of the,rcgcner;i4ive oven, these flues servetwo purposes:— 

1. To take off the waste gases after combustion in the 

maiif vertical flues, f 

2. I'o conduct hot air from the regenerators to the 

gas from the upper distributing channels during 
another period of th^; coking proce.ss. ' 

The sectional area of these inner flues has been carefully 
predetermined to give the correct proportion of gas and air. 

The principal feature of the Collin regenerative oven lies 
in its method of heating. I bis is carried out in alternative 
[)criods from the bottoui and from the top. Gas is introduced 
at both ends of the oveh from the distributing main U, passing 
along two series' of'conduits connected at the centre of the 
qven at K and N respectively, and during the period tvhen 
the heating takes pi,ace from below the gases introduced at L 
issue through nozzles set at the bottom of flues K, the air at 
the same time coming from one of the regenerators through 
sole fliies of one oven and the conduits, molding the gas at 
the bottoiTi of flue K, The products of combustion rise in K, 
^and descend through the inner flues 4.1 the bond stones and 
,'nto the sole flue of the alteil native oven, and thence to the 
regenerator. When the heagng takes pi,ice from above, the 
g-'s is admitted to the u|)pcr portion of the oveq walls at i\I 
but'.veil below the level i^f the coal charger It issuer again 
through a.,number of‘'iiozzles into flues K^^whilc the air for 
combustion rises through the inner flui;s of the bond stone A. 
The flame and product', of combystion descend through flue 
K, ai.li leave through conduit o and sole II into the re¬ 
generators.' Jn this oven'all'the main vertical flues are at all 
periods heated' directly by flames and not alternatively' by 
^ames and products of combudion, w|iile. alternative hettting 
from bottom and ■ to,o causes a very evep distribution of the" 
heat throughout the oven. At the same time the zone of 
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combustion fo'- tlio uppcJr ndm^ssioti of gas is kept so Iqw as 
to rfot cause any overheating of tKe top portion df the oven. 
The reversing »of the regenerafors in some tj'pcs of ovens 
causes •Ml alto''u<Ving variation of tcrfiperatnrc from one half 
of the oven wall to the other, but irt tHe Cckllin oven the heaV 
ing is practically contjnuous. 

The Coppee oven as now designed is the result* of con¬ 
tinued improvements on the original Coppdt; oven described 
on p. 5.‘i. The oven, batteries of which have been built at a 
large number of important collicrie^s and steel works, is con¬ 
structed for by-product recovery, and is a vertical llued oven 
/lesigned on the waste heat or regenerative [irindple. In the 
'./aste heat type the heating wall i|i divided into two pcirtions, 
each consisting of fifteen vertical flues. A tube of refractory 
material, fed by a.Bunsen burner, delivers gas and primary a<f 
into the base of fourteen of the flues in each half of the wall. 
Secondary air to complete the combustion is’also admitted, 
the amount being controlled by dampers, etc. The products 
.of combustion unite iit an upper hori.iontal flue, and from 
thence descend thro6gh the remaining flue of each half of tb° 
lyall to the chimney flue and boilciij, etc. '■ 

The regenenative type possesses special features, an im¬ 
portant point being in the division of the heating flues into, 
five sections, each section consisting of six flues, the periodical 
reversal talcing place in each of,these sections. The princi|)lc 
is shown jliagrammatically (not to scale) in Fig?. 41, 42, and 
^3, corresponding portions pf the syste*,n being lettered alike 
in each case. By means of jthc gas cocks c controlled by 
levers [, the gas is^fed into flies 4, .5, and 6 in'each section 
for one period, and into flues 1, 2, and .'i for the next period. 
The'sole flues A.an(l n siprve to supply hot 'air (1,000'* C.) to 
the flues, or* to fixhaulit the spent products of combustion 


according to the position of the reversing damper D. In the 
positia.i shown, th/; levers 1. are /rulled by.the chain {tM in 
the dilection of N, fluer 4, 5, and 0 in alternate ovens thus 
receiving gAs., Owing to'the position of tile damper D iir is 
Ijeing blo^n through the regenerator A„ to the ^distributing 
cjhambet a, connected to sole flyes A v’hiolr fead tjic vert'cal 
flties in each .secthm, jis shovvn. At the .same time the sole 
flue n hy* means of the suction of,the chimney draught is 
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collectiii" the' S|)cnl I'lro, liicts passing down the Hues of each 
Section, h’ron l! these hcalcn pH'diicis unite in t-he chamber 
ip, and passinpf dhepicc tliidu”l _the rei:;encrators pdvc up 
their Ijgat to the chciiucicd brickwprh in leadiness for the 
next reversal. It must be latcd^thiit tlie leversa! of the 
d,.iTiper I) and the ccjcks C is .simultaneous. 1'he ciiainbcrs 
and ip arc useful in causing the air to traveise the ;vliolc 
length of the regenerator,.namely, from one ciu'. .jt the battery 
to the other, before beiipp admitted to the Hues. 'I'hc reversal 
of the c'jrrents affects only three flues at a time or one-tenth 
of the 0,'cn wall. Thus the Hues loi the descending gases are 
in close [)roximit\' to, and nc.arly as hot as the .'■.scension flues, 
^nd a uniform temperature is maintained throughout the 
length of the oven wafl. .A typical arrangement of this oven, 
with the necessary mechanical .'ip[)li,uices, is shown in I'dg. 4/ 

One of the most rerent tygjcs of ovens is the “ li.C.O.” 
oven (Hiitish (ioke Ovens Ltd,), a vertical Hued o\'en, waste 
heat or regenerative type, I'h'g, d'l. In many regenerative 
ovens two regeneratoi s ai'e used, but in the IkC.O, oven the 
special feature ip t'gc use ol four regenerators. A, li, C, Ip 
giving consulerabl)' gieater eubi<'al caitacity. The regen¬ 
erators are also hikiU idmihscd for each o\en by cross division 
walls ip securing more eipi.d exp.iusion and contraction. 
The gas is admitted by means of two tubes F at each end 
of the .oven, these gas ducts being kept cool by adjacent 
jiassagcs through which air is continuously circulating, thereby 
preventing decomposition of the gas and deposition of free 
carbon in tlie gas ducts. 'I'lig two outer regencr.itors, \ and 
i), serve for one oven, the Kv(. inner regenentors, I! and 
C, serving tor the adjacent oven and so on alternately. 
In t^te waste heat type the distribution of gas to the flues is 
on similar Ipics,^ but .'"he air cm rents which keep the gas 
ducts cool are utilised to supply the air lor combustion in 
the flues themselves 

jY,;other recent t\'pe of legeneralivc oven, as erected by 
\!aglcy, .Mil's, & To, M '''ictoria St, Wcs'tminster, is shown 
in Fig. 4(i. (las is admitted from the main 1) into the 
right or left hand distributing chamber t; acco.dmg to the 
[5i1‘;ition ol the iruun rcvcrsii g dampeis. The gas then rises' 
through J ..cries of nozzles F. Fiach unit F consists of a 
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• , 

lower nozzle*a*csigncd’to admit tlu? exacf quaiitity of gas for 
any particular flue, and an tipi>jr tmz/Je acting is a protection 
to the tower. The oridce'in^the,up|)er noz/.'c is gicatcj: in 
dimension than, the lo-ver itrificc, so thfit /h the event of 
decomposition of the ”<ts ant^ deposition <>J curbon i1hl\’ tne 
upper nozzle .’s affected and the sujiply of gas is always ke^j)» 
Wiiform. ThiJse itftzzles may be examined at any time, by 
means of 5»s'ai capped tubes 1’. Air horn a distributing 
chamiier as at C'passes to the centre of each due' [i.irtition, 
and from thence is admitted to the lines at two pjai cs, it 
and K. The o]ienings ate proportioned to allow' oC partial 
combustion at ll and a completion of the combustion at 
K. 15y this means any tendency towards ovciheating in' 
the lower section of the «oal charge* is neutralised and a 
more uniform heat obtained, 

*“ The products of combustion unite in. the flue I,, the 
natural tendency towards greater dr,•night at the end netirer 
the chimney being corrected by carefully regufited openings 
M so as to ensure c<iual conditions Jbr till the lines. It 
may also be noted that the air passing to the regenerators is 
ourried at a, in close proximity to the TieSted under ji.irts' 
of thh ovens, and then [i.tsses to the distributing chambef 
It, being controlled by valves n which are clfised or opened 
simultaneously with the reversal of the gas, E)- this 
arrangement the incoming air ,icts as a cushion between the 
oven structure and the reguhiting g.illerics, thus* seem ing 
more eiiu.iblii conditions in the L'ltter Ihitteries of'this type 
are m successful opertifioti in Great ISritain. 



CHAPTER X 


MECHANICAL APPLIANCES AT CC«IE OVENS 

The selection of the fuel for coke ovens is of great importance. 
The effect of impurities has already been discussed, but the 
nature and character of the residue left after closed distilla¬ 
tion must also be considered. The range of fuels suitable for 
the manufacture of coke is inditated in Fig. 3. With the 
beehive coke oven, the range is extremely limited, and only 
.such coals are suitable as are naturally of a strongly coking 
character (shown on the diagram as “coking coal”). With a 
modern retort oven and special treatment we can extend the 
range so as to include ^a proportion of lean coal, gas coal, and 
even flaming coal. There is .still a fair amount of uncertainty 
as to what constitutes the coking juower of coals. In the first 
■place there must be sufficient volatile matter with its propor¬ 
tion of tarry compounds to bind the particles together into a 
uniform mass. On the other hand there must not he an 
excess of volatile matter. This is usually found in conjunction 
with a high oxygen content, ’and in the majority of cases as 
the oxygen increases the coking property is diminished. 

G. S. Cooper,' in a paper read before the Iron and-Steel 
Institute, gives the following ^results of inve.stigations concern¬ 
ing the effect of ox)-gen content on the coking property of 
coal. He states that “ it is generally assumed that a coal 
with more than 8 per cent, oxygen on an ash and moisture 
free basis is a non-coking or a poor coking "coal.” « 

SoiT.2 of the results of tests are reproduced on the follow¬ 
ing page. 

He arrives at a (general conclusion that if the yield of 
water is more than 7 or 8 per cent., the coke is of an inferior 
charactei. The autlior’s, experience would place this figure 

' “By-product Cokiig in Relation to Iron and Steel Manufacture.” 
G. S. Cooper, B.Sc., Iron and Steel Inst., 1914. 

8j 



Mechanical appeiances at core 6vens 83 . 

higher, say from 9 to 10 pjr cent, '^'ith careful treatment, 
coal gi'iing loff 11 [)cr cenj. of'* watery liquid uas been cun-' 
verted into satisfactory cokj;* W we examine the taWe 
below we find th;ft the vr jatile inatter in the c/als giving good 
cci:e ranges frofti 20 to 32 per tent.; fair coile, from 32 to .35 
per cent.; jjo^r col-je, over 35 [rer cent. A laboratory te.'s^ 
on the volatile matter of a coal i.s, however, not sati.sfact«ry 
in drawing co.tOu.sions as to the coking power of a coal. If 
is difficult to .secure conditions in any w.iy approaching tho.se 


( 

. Coal. 


I’crccnlAgcs. 


Remarks. 

• 

Coke. 

il/). 

• 

CO, 

CO. 

Cumberland 

G()-8 

5-31 

0 94 

* 

6-0 

Good coke 

Durham 

7(r.5 

4-11 

102 

4-0 


Warwick 

02 0 

12 !)8 

3'00 

10-G 

Poor coke 

Monmouth - 

80 0 

3'37 

9 51 

3-2 

Good coke 

Staffs. - - - - 

71 0 

7-53 

108. 

• 4-9 


Yorkshire - 

70-0 

0 00 

1-28 

7-8 


Lancashire - 

70-0 

0'80 

1'18 

5-2 


Lanark 

05-0 

8-0') 

2-45 

19-7 

l air coke 

.Fife - - - - 

08-0 

9-12 

1 99 

7-0 

Good coke 

Northumberland - 

67'0 

8-55 

2-46 

7-8 

Fair coke 

■Forest of Dean - 

08'0 

6 73 

1-.58 

7-5 

foor coke 

Brown coal, Australia - 

l.s -0 

t2-78 

8-22 

230 

Leicester - • - 

0.3 0 

10 52 

2-74 

12-4 

• 


1 
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obtaining in actual coking practice. The c'ffect of ma.ss and 
comparatively' itrolonged coking period cannot easily be rc- 
produce’d in the laboratory, altliougli the metfiod^ devised by 
Dr Leasing' gives'uscful and interesting data. 

In his metl;od t^-^i coal is heatbd electrically in»a silica 
tube b>»means of a platinurfl resistance coil.'* A loose luting 
silica tube weightedjto any desire'J dtgnje rests on [he sample 
of coal. The swelliifg properties of a coal come out clearly 
by this mcthiid, and the nature of tlje residue is mori decftled 

>’ *.*• * V 

' “A Laboratory Iijethod for the Com|yinron of ffie Cokinfl 

Properties of Coals.” Ur R. I.£ 5 smg, Inst, of Gas Engineers, M12. 
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than in the, usual cri.cible tes^ for the determination of 
'volatile matter. ' , . , ' 

'Attempts „ha\;e been* ma,;le by various observers to 
establjfh some\ connection bctweey the action of various 
solvents on coafi, and the cftking properties of such coals. 
iL is known that there is a diminution ,of the coking power 
of'coals after extraction by pyridine, the effect bciijg similar 
'to that produced on exposing certain coa^s teJ^tiie action of 
air for any considerable time. Extensive research on these 
lines has" been carried out by Burgess and Wheeler.^ 

Th6 results of certain of their' experiments lead them to 
suggest that coal appears to contain two typesiof compounds, 
.one type being more easily decomposed by heat jdclding 
paraffins, the other type being more stable and yielding 
hydrogen. They consider the first type as most probaUy 
derived from the resins originally present in the sap of the 
coal [)lants (resin bodies), and the second type as a degrada¬ 
tion product of cellulose (humus bodies). The “ resin ” bodies 
form the cement of a conglomerate, of which the cellulose 


derivatives are the..ba.se. 

The weathering of coal depepds upon the absorption of 
oxygen from jiir, and is detrimental to the coking of some 
coals, in some cases exposure for a week or two being sufficient 
to destroy their coking |)ower. This property of oxygeh 
absorption is most likely due to resin-like bodies, since it is 
well known that certain resins absorb oxygen. Bvdson- proved 
that pyricUne bases from coal tar dissplved 10 fo 18 per cent, 
'of a Durham coal, but had no action on anthracite, and Baker, 
.working on similar lines, proyed'that coal after such extraction 
left a residue whijh no longer had coking properties. Tlfcse 
results have been confirmed by other olrrcrvers oti various 
coals, and Bedspn further"pro'ved that an amount of substance,' 
practically equal to the volatile matter, can be extratted by 
pyrid,hi6. Burgess and Wheeler {ChtM. Sot. Trans., 1911) 
|•xt^ 7 ■:ted from a Silk,stone coal containing .‘i.'kd per‘cent, of 
.volatile matter, 30 peV cetit.'of'inattcr sokrblc in pyridine. It 
is probable tltat there is some relation between the coking 

I.. “On‘.lie Vol.alile Conslituentli of CoLl.” ' Bmgess .and Wheeler,, 
Jour, of Chem. Soc., 'rApufi 1911. r 
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properties of coals and thcij behavioi.v will) various solvents. 
In .soinfk coals a resinous ci^istiAient appears tr predoinin.^tc,' 
usually in those of a more terbl/cokint;,iirifairc. In ntlicr 
coals some of the 'constitiiiCnts arc soluble, whirc others, tJioueh 
of •resinous nature, arc •not, alid in such ^ascs the cokin.ij 
quality is not ln^l(;ll affected b)’ the extraction. ‘ 

Mitch*usefiil work on a laboratory scale has been done'on 
the above line” allhou.qh interesting ^results Ijavc been 
obtained, as yet they cannot be considered conclusive, and no 
hard and fast rule can be laid down as to tUe behav-ro'ur of a 
coal in a coke oven as dctcVmined by volatile matter, ultimate 
analysis, or re-^ahs of extraction. , 

Mo^t coke oven firms are prepared l,o subject samples of. 
coal to coking tests on a “ manuficturing’’ scale in which the 
affect of disintegration, compression, moisture, dur.ition of 
coking period, etc., can be observed in an ordinary full-si/,ed 
oven, and only such tests can be considered reliable. There 
is, however, a wide field for research on the chemistry of coal, 
and it is interesting to note that the British Association Com¬ 
mittee on Fuel Ivconomy, realising the tm^rortance of this 
branclj of fuel technolo,gy,,has appointed a “Chemical and^ 
Statistical” sub-committee to deal with the q^pstion. Some 
of the members have undertaken experimental work on 'the 
constituents of coal, their mutual relations, and their influence 
upon the character of the procj,ucts obtained by distillations 
or oxidation. , 

The members of tl%is sub-committee are of the opinion 
that tfie time is ri()e for the organisation of a sememe of* 
systematic co-operative researdli aided by national funds.' . 

■The authors heartily endorse this opinion and express the 
hope tha,t some tangible result of their deliber,>tions may yet 
be seen in the form of a central national futl laiioralory in 


which ilie behaviour of coal in fuji-.sixed retorts and coke 
ovens, worked l»y jrrActical engineers, may, be obscrvitd in 
conjuncFion with research in a laboratory "litted witlrHthe 
necessary equipment for this clasi eff work. In mtmy ca.ses > 
the coal arriving at a coke works is fairly qniforifi in character 
and compositlbn, bul; in some crises,^especially vyhen the coal 
’ •(.• * ) , •••• 
* Report of British ytssoci.ition Committee (fli Fuel Economy.! 
Abstracted in Jour. Soc. Chem. ^nd., I6th October 1916. • 
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comes from several co^iicrics^ a »vide variation is met with. 
In‘some cases, a certain proportion of moderately cokrng coal 
may be mixech\vit<h superior (uiking coals. Thus a rich coal 
is .sometimes, nrixecl with a lean co^l or vice versa, whilst a 
, proportion of pit^h under certain ^;oti(lition3 may bo utili.'Kd 
iii this manner, sometimes to the advantage of/he coke. , 
'It is highly important that in these cases^tha. cbal be 
thorougliLy mixed.. For instance, the coabfrdfh one district 
may be ^relatively high in volatile matter, tending to give a 
weak [joroiis cok*e, whilst that from another district may be 
deficient in volatile matter. In mixing such coals a mere 
.adjustment of the order of the wagons at the fiiain tip is not 
'sufficient. It has been the writers experience that, in<spite of 
various apparent opportunities of mixing in the disintegrators, 
bunkers, conveyors, etc., one wagon load of doubtful cott! 
tipped between wagons of good material will not disseminate 
itself satisfactorily. The ill effect will be locylised in one or 
two of the ovens, an^l the influence on the character of the 
coke will be obvious. ‘ A more satisfactory method would be 
■ to deliver the two Tjualities into separate low-level cjiainbers, 
.each having its own elevator into**he disintegrator or bhnker 
as the case may be. The proportions of the two qualities 
can then be controlled by regulating the relative siieeds or 
capacities of the elevators. The next step is the charging of 
the oven.' In some cases the .ovens arc charged in a similar 
manner «*.o the beehive ovens, by means of tubs, feeding the 
, oven through three or four charging <ioles in the roof The 
use of i.idividual tubs has now largely been replaced by 
'the modern changing car, one type of which being shown in 
Fig. 4'7. Generally speaking they are electrically driven, 
hold a complete charge, ynd can be worked'by one attendant. 

In such'casc.s the surface of the charge is uneven, consisting 
of a series of cones and depressions, restricting the passage 
of the gases evolved. Consequently thS char'gc is levelled by 
haifd or, as is more cpr.imonly the case, by means of a levelling 
' bar attached to the ramming machine, as m Fig. 48. 

Whilst these methods of charging are .satisfactory in many 
..cases, instances arise in which it is arfvis'able do comiiress the 
(Charge after a jiravious disintegration of the coal. This 
combination is decidedly advantageous with coals of low 
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volatile matter. The disintoijration’lwsen.s the'spaccs betwecfi 
the pa]cticle,s whilst the comprfssion forces the particles etiH 
closer together.' Thus, by red(v;iiig)thc gaps, thy com[)aratively 
weak binding tendency is utilised to fuller extent. ^ .Again 
c«al.s with high volatile •matter tend to fjivc’porous coke. 
Larger partic.|cs, ap^ consc(iuently larger air spaces bctweo.f 
tliem* tejid to accentuate the porosity. Disintegratron .and 
compression increase the density of the charge with a corre- 


spending improvement in the 

coke. This 

is clearly shown in 

the c.xample given below, the 

figures being 

from a c.V^e under 

the writer’s ob.scrvation 


) 

9 

I. 

11. 

Volatile matter in co.al- 

2''s-5 per cent. 

28-5 per cent. 

\VTight in lbs. |)er cubic foof: * 

• 


Disintegrated, but not com¬ 



pressed - - - - 

.1013 

. 49-7 

Disintegrated and com pressed — 



(a) 'I'op of eluirgc - 

5(!'73 

.56-70 

{h) M iddlc of charge 

.ofi-.St 

58-11 

(c) Bottom of cliaigc 

5,s y;! 

60 ■80 

Average increase in density - 

21 () per cent. 

• 17-7 per cent. 

MSisture in coal - . • . 

lit „ 

9-1 „ 

Coke made:— 



Average ajiparent specific 



gravity . - - - 

MIO 


Average real specific gravity - 

’ LStl 



Average pore space - - 3!)-7 per cent. , ' 

Crashing strength - - 2,050 lbs. |)er square inch. 

The crucible test in the laboratory would lead one to 
expect a dtcidcdly weak, .swollen, and porous coke. The 
excellence of the coke produced tas above in the coke oven 
show.'^.the comparative unreliability of the laboratory test. 

The advantjtgcs (l£rived from the use of compressed charges 
may b^ summed up as folio<vs:—• 

1. Output increased at least iO per dent 

2. Denser coke. 

3. Amoubt,bf cpke breeze reduced. 

4. Savihgdn labour. ‘ ^ , 

T <\,'/=»QP r»n rk\;f»n Kni’nrrc 
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' The following IS a'general! c|escription of the type of 
dorr.pressing plant introduced ipto this country .by Mr 
J. H. Darby 

Thg, slack from the washer is .first crushed in a Carr 



disintegrator (I'igs, 49 and 50). This consists of two reels A 
and B moiuited on the sh',.fts c and Eacl’ reel consists 
of two concentric rings in which steel spindles, of round 
or square section, are fixed from 2,to 3 in. apart. The reels 


Fi<t. 49.—Carr Disintegrator. 
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are driven lay the pulleyjf 1) in oijpositc^ directiyns, and ftn 
even i^nnkig is secured b^yftht flywhceis K giving the cefrrett 
balance. • • 

The slack iJ fed from elevators ,ind the shoot l',]nto the 
•ent»e of the 'reels, antf ,^;iss5s through tile hTirs of the reels 
^at G. A.s tli4tsc tiifs are revolving in o])positc directions at a 
periphara^ speed of (i,000 ft. per minute, the slack is'crushed 
to a fine state of,division, and passes down the shoot 11. The 
crushed slack is taken from this shoot to <i storage bunker, 
usually situated near the ovens. From ihence tlTc* crushed 
slack is delivered bv’ means of a conveyor belt .V tl'ig. fd) 
into the bojp l; of a dunging machine. This box is shaped 
somc'i’hat similarly to the interior unite coke oven, but tfie 
width of the charge can be adjusted by the patented arrange-* 
ment for opening or cli.ising the sides, consisting of eccentrics 
I), and shafting controlled by one hand-wlfeel. As the slack 
is fed into the,box it is compressed by the weightetl pole t of 
the stamjicr K, which tiaverscs the whole length of the box. 
The pole is raised by an eccentric frk'Son wheel (;, driven by 
an electric motor, which tilso, by means yf suitable geai ino’ 
causes the machine to niij^'e forward a predetermined distance 
during the up-stroke of the stamping pole ^ The length of 
fall of the stamjier pole is constant, adjusting itself iN the 
charging box is filled. Whilst a single stamper will comjircss 
a charge satisfactorily, it is an,advantage to have two stamping 
machine.s, lyhich allow of better compression, saving in time, 
and less dislocation i^o the jilant in general shguld one of 
these stampers break down, • 

ThcLlraw'ing shows the'charging machine separate agd 
distinct from, the ramming machine, but Irir smaller batteries 
of ov^ns it is more economical to use a combined ran) and’ 
charger, as the lesser number bf ovens to bg charged jier day 
allow% ample time for the ch.irge to be stamped, and then 
kept waiting *ntil Ae contents of the oven are disc^aj-ged by 
the section of the combince! machinc,contaming the di^iharg- 
ingi'am. When Jhe comprelsirtn tif tnc charge it completejl, 
the machine travels to the oven requiring a tharge, the sides 
of the box ^r^.sligl)tly^o[)cned by .# hand-wheel, and the charge 
is carried mio ttic oven by the'peel A (F^J. ■‘32) which fjrnis 

the bottom of the box. This peel is fitted with a'r^ck undt?r* 

• • 
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n6ath into \ /hich fitfi a pinion driv ’p by an electric motor and 
suitable reduction gearing;. Wosi stamping mackines work 
on the same principle. ThcVolc! 's raised by various methods, 



frictio-al, compressed air, electro-magnetic, etc., and allowed 
to drop freely. 

In the Mcgiiin type of stamper (Fig. 53) the “pole" is 
replaced by a steel rod, whi h is raised by.ineans of a crank 
and connecting rod, On the upward stroke the rod is gripped 
by the torg arrangement shown. Towards the end of this 
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stroke the“\,ongs” come in contad ivith lugs, and are thereby 
opened, allowing the rod to droi^ f^cel)'. „ 

Another modification, b; th.’ same firm, is shown in 
Fig. In this the stam|)ing piston is actuated by the 

conjoint cllect of pr .-ssure anrl vac'mnn,,the stamping cylinder 
A being coupled direct to the compressing, o'linder 1). The,, 
speed of this machine is much greater than the forrrer,‘’and 
the ca[)acity is considerably increased. A later type has a 
separate air reservoir, rendering the motion of the compressor 
indcpendc’nt of the stam|)ing motion. Fig. ri.h shows the 
type of sl.unpiiig machine manufactured by Messrs Bever, 
Dorling, & Co,, Bradford. The stamping pole is elevated by 
means of tw'O pairs of cams covered w'ith “ ferodo.” The 
pressure of the cams can be adjusted by tension screws, whilst 
the cams are designed to allow the “ferodo” to be readily 
replaced when necessary. 

The appearance of the coke is a very important matter, 
h'orinerly the coke was pushed out b)- a ramming machine 
on to a hori/.ontal jiavec? floor, where it was quenched by incaii.s 
of an ordinary hose pipe. The incandescent coke, being thins 
e.xposed to the atmosphere, suffered through o.xidation before 
being thoroughly quenched, giving rise to a dark appearance 
in the'coke. In e.xtreine cases the ash left after coinbu.stion 
of the surface of the coke was obvious, giving the coke a 
reddish-broiyn tinge. Coke sh^nild be (|uenched quickly, 
avoiding contact with air as much as possible, and an apparatus 
on the lines ,of the Darby quenching ho(( 1, shown in Figs. .a6 
and .o7, is advisable. In this coke-(|uencher the prism of coke 
is .shielded from the air by the side fdates K, whilst simul¬ 
taneously' a copious supply of u'atcr under considerable 
pressure is sprayed on to the coke as show'ii. 

An efficient, devclo[)mcnt of this idea is shown in Figs. .fiS 
and 59 (Goodall’s combined quenching, screening, and loading 
machine^. The machine consists of a r .olving table, with 
vertical side plates, and two distinct cqicrations are involved 
in,the use of ft. The first opeibtibn, quenclfi ig, is carried out 
by pushing the doke on to the slowly' revolving table. Here 
it is spread out by the actio-' of the table, mid quenched by' 
water sprays, ' 

'The talk .fidcs of the chamber prevent undue access of air. 


02 ^ 
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. and an atntosphcre of stea’m is maintained until the coke is 
ccpi?i[dctcly \ienched. In the second operation the table is 
revolved in the opposite rhiec^ioh, and the conteiits are 
scooped off the table by a deflectin^f plate over, a reciprocating 
screen, and deli ere.d direct into »he Vt.gon as screened coke. 

Other methods of dealing with the coke are shown in 
Eig. ,()().■ Methrids of dealing with the coke rapidly by 
mtehaiiical methods h,ive multiplied considerably of late 



FlC.. r)(i,--nsrl>y Qiienchi#i; Hood. Flc., 57.—Itarijy Quenching ITood. 


years, and the instances shrfwn .arc merely typical. The type 
chosen for any particular plant will depend on the local 
circumstat.ces. Thus, in some cases wlio'c the plant is not 
favourably situated for carrying r.ut repairs to mecl uiical 
devices, a simiiler tyiie, .such,as ’'dg (iOu or Fig, GOf’, is preferable, 
in'eases where the coke is so’d in the open market mechanical 
screening as shown in Fig. 44, combined with efficient (|uench- 
ing, is highly desirable, whilst in some few cases the coke is 
required for blast furnaces in the immediate .icinity. 





Under these ajiiditions a. slophir, ‘bench (IcIh'crinL; into 
the furnace barrous or into ropeway skips (I''i<;;. 01) is a 
convenient Wpe to adopt. 

hig-. 0.-jliows a complete tarrangeinent of‘mechanical 
appliances in convention with a K.^ppeio coke plait. 






OO. — Mollfid', of Coke. 
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CHEMICAL AND PHYSICAL EXAMINATION 
OF COKE 

In this country a complete chemical and physical examination 
is rarely curried out. The former is usually c iifmed to an 
estimation of a.sh, sulphur, moisture, and sometimes volatile 
matter, and the latter to a visual examination of the appear¬ 
ance of the mass of coke or of individual pieces. Occasionally 
the nitrogen content is sought, not as a matter of concern 
between buyer and seller, but as being a useful point in 
considering the yield of ammonia. In some rare cases the 
iron content is estimated, its effect on the clinkering properties 
having been already commented U|)on. Of recent years the 
phosphorus content has received aore serious attention. In 
the blast furnace the phosphorus tends to pass into the iron, 
lowering the elasticity and rendering the metal mote brittle. 
In general the phosphorus content of the coke is low enough 
to remove all misgivings, but cases may arise in which the 
effect of phosphorus is not altogether negligible. In a few 
isolated instances the presence of arstnic is injurious as in 
the case of malt kilns. 

The estimation of ash, sulphur, moisture, volatile matter, 
and nitrogen have already been discussed in Chapter V., but 
we might at this stage eipphasise the impo.tancc of ensuring 
that the coke be thoroughly burnt off in the case of ash and 
sulphutr and that the coke be finely powdered in the ca.se of 
nitrogen estimaHon, and allowed sufficient lime for complete 
decomposition. 

Iron .is estimated by burning off a rufficient quantity of 
coke to give a workable amount of ash. Obviously, a.ssuming 
the coke ‘cf contain 10 pci cent, of iP will be necessary to 
incinerate 10 gnt <s^ coke to obtain 1 gir 'of^sh. The ash, 
after the prolonged ignition necessary to obtain a sufficient 
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quantity to ^v^rk oiT, is nut rcudW^’ soluble,'as i^^qards its 
iron contenj, in dilute liydn^cl-yoric acid, 'In soy,e instaiK^'S 
even cdnccntr'ated acid *icyuir<is a consideiablc time to 
completely dissfjvc tiie iron o'xidc. When .such is the case 
fysiov must bl: resortcjl ♦to, *or treatment^ with hydyofluonc 
acid, as des^ribctl,under phoiphorus estimation. I'inally, 
Tvhci* ct^plete solution of the iron is effected, tke ferric 
chloride is reduced by means of stannous chloride and thou 
titrated with a standard solution of [lota^sium bichromate in 
the usual manner. X 

^^stimation of Phosphorus.- -One qram ol \he ash 
is weighed, transferred to a beaker, and boiled gently with 
conceiUratccf hydrochloric acid for about two houis, at the 
eiui of which time complfitc solution of ferric o,\ide .uid« 
jihosphates will have been effected. II, however, the insoluble 
residue is still reddish or brown in colour, Atore hydrochloric 
acid must be adderl, and the digestion contiiUR.d. 

It is f.iirly certain that unless all the ferric o.xidc is 
dissolved, that some of the phosphori’.s '^vill remain w'ilh it as 
phosphate. If, as may sometimes be the case, the ash • 
resists decomposition after prolonged digestion in the acit(; 
then other means of attaching it must be used, such as fusion 
with alkaline carbonates, or treatmentV’ith h^drolluoric^icid. 

In the former ease, I gm. of ash, previously ground line in 
an agate mortar, is mi.xed intijiatel)- with .a or (i gm of fusioi? 
mi.xture (pi^tassium carbonate, I.'ld p,uts; sodium carbonate, 
lOG parts) tffid transfyred to a platinum crucible, col'cred with 
a platinum lid, and placed in front of a gas mufOc for ten tp 
fifteen minutes, then gr.aduaWy placed further in the furnace 
pntil it attains the full heat. Gradual hcafing is necessary to 
prevent frotliing.up and loss of the' contents. The mass fuses 
ai\d the fusion should b(> m.iinkiiiutl for an hour^ At the end 
of thr*t time the crucible and cirntents arc taken out and 
allowed to cooj. Thijy are ne.xt extracted with hot* distilled 
wiater <Jhd transferred to a i^ircelain evaporifting basin, taking 
carejio avoid any Wss of maUpaal. , l*lif; basin is cQvercd with 
a large clockglass,* and hj'drochlpric acid caiitinuily added 
avoiding lo»s by effervescence of the ca’rbonates^. AVhen the 
addition of w fon<fer causesyefrervescencc.'rins^ tire cl»ck»- 
glass into the bas\,'add a slight excess Sf acid, and evaporate 
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qirefully Wer i low tciTif)craturc burner! Unfess this is done 

cjiutiously, flinch Ibss, due to ,spitfiiig of the saltj, will occur. 
When evaporated to compjetc ,dr/ncss, contiiUie thd heating 
for about half an hour to cxpc\ acid and to dehydrate the 
silica, t'ne ]att» r being the imiJortant point. 'Allow tQ copl, 
add a little strong hydrochloric acid, ani^ ^varnj gently for a 
few ^minutes, then add hot distilled water, digest or ten 
minutes, and filter, washing the paper several times with hot 
dilute acid, finally'twice with hot water. The filtrate now 
contaj>-' -all the phosphates in solution. Add 2 or 3 c.c. of a 
solution^ of ferric chloride, then aminoniinn hydrate solution 
until the solution smells slightly of ammonia. Boil up and 
filter. The reddish precipitate consists of ferric hydrate and 
, phosphate together with alumina.* The object of this separa¬ 
tion is to get rid of the alhaline chlorides resulting from the, 
fusion mixture oiiginally used. Wash the precipitate three 
times with ht.t distilled water. Remove the filtrate and 
replace an empty beaker under the funnel stem. 

Carefully pierce the, filter paper at the bottom of the cone 
' with a platinum wire, or fine glass rod, and wash the precipitate 
'through. Then dissolve by warming in as little hydrochloric 
acid as possible. The solutioiC should be quite clear. 
Neutralise carcfldly wifh ammonium hydrate until just turbid, 
then add 10 c.c. excess. Now bring back with nitric acid' 
'until almost clear. The .solutiqn is then about neutral. Add 
5 c.c. concentrated nitric acid, and brine the whole to the 

t . IJ 

boiling point; then add 18 c.c. of aKJper cent.'solution of 
ymmonium molybdate, and put aside in a warm plate to 
.settle, after a few minutes’ shaking round. The volume of 
tile .solution finall/ought to be from .50 to 70 c.c. If properly 
precipitated the yellow phbspho-molybdate qomes down in a 
granular condition, soon sCttlos out, and is easily filtered pff 
and washed, using cold water acidulated with nitric acid ; six 
or seveil good washings are necessarv:., Einally, take the 
filter paper and iti’contents from (lie funnel, open out fat and 
place on a, flat tile ofi glf.ss, plg-'e in the water bath, drying 
until constant weight is obtyined. ' 

The precipitate contains T63 per cent, of phosphorus, or 
3 73i per celit. phosphoric acifl. The itision method as above '■ 
described ir 'somewhat tedious, but is ocdaf.onally necessary. 
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If a complete analysis*of th^ ash is ftqiiired, the fusiim inethac 
of decojnposition is the bcst^oiuc. • * •' 

The *usc of hydrofliiori? «ften '^aves time, csix'cially 
when it'is desirable to know tlie iron and phosphorus^ontent 
only. • One gram of th| S.sh ‘ground fine i{i ai< agiite mortar 

transferred tOi a, platinum dish, moistened with dilute 
* 5 ulplfhri«^cid, and about 10 c.c. of hydrofiuoiic aci(f addled, 
and digested at jbout 100° C. for an hour. In most casdk 
. complete decomposition of tl-^e silicates will have talmn place 
ii^tl^is time. Evaporate carefully to dryness on a hoSplatc. 
The residue will then dissolve in concentrated hyd?odiloric 
acid, and the solution thus obtained may be used for the 
determination of either iron or phosphorys. It should be noted 
that some hydrofluoric acid contains iron, and not improbably ' 
• some phosphorus as well, so that a blank determination of 
these elements should be made, which, of codrse, only requires 
to be done once, so long as the same lot of acitl is in u.se. 

Arsenic in Coal and Coke. —The discovery of arsenic 
in beer brewed from malt and hops IccV to the source.of the 
arsenic being traced to the fuel used ir^ drying the malt. 
The*^rsenic is usually ass(^ciated with the pyrites present in 
the coal, and the fact that coals ma^ contain arsenic was 
pointed out by Percy in 1870. Dr Angus Smith proved the 
’presence of this element in fifteen specimens of Lancashire 
coal, and it has also been foun»l in German and I'rcnch fuels,* 
also in Nc^tingham and Newcastle coals. The^ accurate 
determination of miivute quantities of arsenic in q substance 
such as coke presents very con.sidcrable difficulties. Descrip* 
tions of methods advocated, ?ind discu.s.sions on same, are ti; 
be found in thp Journal of the Society iT C*hcmical Industry, 
May 31, 1901, p. 437 (Smith an^ jenks), ,M‘iy 01, ^901, 
p. .449 (Archbutt and Jacksoti*); ^nd in the 1901, 

26, 25^-250 (Chapman). 

Physical RropeDiies of Coke. —Thoiigh in gefie^al an 
otperief ced eye can, give a Reliable ju^ljmcnt on the phjjsical 
qualities of a cokt^, soinetinWs for'eomparative purposes a 
series of physical and mechanical Scsts offers ifseful*data. A 
complete ex^rrynatim ^on the.se lilies would coirurr-isc a test 
' for apparent*.•fnd'iKal specific gravity, anrj fj^om the res’peefive* 
results a calculatilJli t)f the relative proportions o’f'ftoke sub- 
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stance an^ 


pore space. .Uechanic^l tests on tlic Tiardjiess and 
filsrstancc t« pressure would b« included alon^^widi so^c form 
of “shatter” test to jjivc a eom|r,iirativc indexrof the 'friability. 

Apparent specific ttravity, or the specifit gravity of the 
coke as injde* th.tt is, coke sub*staifc<l plus air spaco.s, rr.ay be 



Fig. A2.—Apparent Specific Gravity of Coke. 


more suited (or coke is shA'wndn h'ig. 02, whicli is in principle , 
a volume meter. i 

A wMe-mouthed ve.sscl is fitted wi^h a ground-in ^topper 
haviijij an exten'sion in the forA’i of a tube I). Thti ve,s£el 
conununicfltcs by mea'ns «.f ti'idflcxihle tulyr with a measuring 
(lurette, the upper end of which is htted with a receiver. The 
relative positions of these vessels are shown in ilhrec stages. 
InVhe 'firsV stage,A the stO]ilper is inserted .ancj.tvater is run '■ 
fhto the viiSsel through the burette untM' the water is at a 
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specially marked levIF filed on theiebc (ff’lhcr stopper,'and at 
zero in C. dn the second Sta^e l! the burutte is. lowered, ihus 
bringing ciowtT^tlie level c/^hc water t(j allow of the removal 
of the stopper v^'ithoiit loss f)fVatcr. In the'third stage the 
vveig^cd sample of C(iv(|, int the form of wc^ll-diieS pieces, 
fairly uniform in^ size, and brushed frei; lAun adfuamg coke 
*dust» is admittecl into the vessel. ^ ^ 


The stopper is tightly reinserted 
and the burette* raised until the 
water is forced to the levAl of 
tKlTmark. The vessel sh.dven 
briskly to detacli adheient air 
bubbles, ailTl the reading on the 
scale (if the burette is t.d^eti. The 
number of cubic centimetres of 
water K gives the weight of water 
dis[)laccd by the bulk of coke in 
the .sample. The lest should be 
carried out as expeditiously as 
possible to avoid undue access of 
water into the pores of the coke. 

keal specific gravity, or 
specific gravity of the coke sub¬ 
stance, is a little more difficult to 
estimate. In general, this is carried 
out by means of .some form of 
specific gravity bottle. • The coke 
mus\ be finely ground to break 
up all the cells and liberate Jlhc air 
and gases, the removal of which 
is facilitated b^ a [lartial vacuum.' 



Flc. fia. — Kc.sl Specific (iravfty 
of Coke. , 


A suitable apparatus is slipwi* in Fig. Gll; A is an oiAiinary 


50 c«c. specific gravity bottle, is is an adaptA which allows 


easy connection with a vacuum dr filter ))ump (Bppsen water 
^3umi^, serving also as a natch box for any particles* of coke 
carried up by exce.ssive ebij^Jitipn.^ *'Mii.s. adapter^ tcirifiorarily 
replaces the perfiirated stopper, ^nd should tje cb^nected vviitl^ 
rubber tuning in the manner shown, or [irefeiably ground in. 
C is a wat^’bath. Three gny^s of finely poftVf'rtd c^ki; is' 
placed in A, anc\ctivered with about Jninch o/^water. 'I,he 
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apparafusvis fitted'up, aiTc| the water b^th kept .at about 90' 
tp'^^OO" C. The vncuiim pump started and maintains a 
suction in thl vessel A, the contcA,^ of which X'c fcept'’gently 
boiling for two' or three fiours? The thermometer. 1) will 

^ r 

give an/indica^ion of the vacuum ^,A owing to the reducejj 
boiling poifit. Tht adapter is washe'd out, if necessary, into 
the specific gravity bottle and removed._ The bottvt is" 
allowed to cool and is then filled with distilled wateffutilising 



Fig. 64.—Compre’ssion Testing Machine. 


its owli perforated stopper, rnd„weighed. The calculation of 
the result is as'follows :— , 

'• t r 

VVeight of boVle, plus samplc^ilus water content « 

^of bottle - ( ' - ■ . 

, Weight'of bottle, plu.s' .sample, plus water to fill, 
f./.,'.final weighing - 
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Differerlte* (,f) =lveight of waV^r uispiuccu uy o j,Mn. 


TS?!! 


'.coke substance. 


\ 3-r.r = rLfef jpecijlc grai'Uy. 

Thf proportion of coke substance is then founti, thus;— 

^ . AppareA ^pecifii sr^^ cc*nt..coL sub- 

Keal sp(;c^nc grax it)- 

• ^ stanco. o 

2. 100 —per cent, coke substance = per cent, pore .spa(?o. • 

, The hardness, or more correctly the cdmprcssivc^strength, 
is found by means of an 
ordinary compression 
testing machine. A 
simple^ty(x;*that can be 
made Joy the average 
, coke works mechanic is 
shown in Fig. 04, and 
lias been useij by the 
author to good effect. 

It is not claimed that 
this type is strictly 
accurate, but its results 
are certainly compara¬ 
tive. When we consider 
• that the longest piece 
of coke from a retort 
oven is only half the 
w’idth of the oven, f^id’ 
that* the crushing 
strength will vary even 
Jn this short length, we 
sec that even wijh an elaborate mathine considerable variation 
iri res*ults can be introduced by incorrect sampling. Ih the 
machine shown, clean pieces of coke are grouifil to appro.xi- 
.imately half-it.y:h cuyes, [ilaced between the facc« of^ the 
carushi^ section, and weights gradually added at the*end of 
th’e^lever until csllapse of»l'^c,s['pcii'ficn takes ylaceT Ihe 
pieces must bo free frttm inherent flaws ,or clacks, ainl.^ 
several pie'jes from a batch of coke must be tcsttxl and an 
* average takfri. »'jfhe Veight o^Jthe lever ii C>#lar/;ed,ar<:l , 
the position of ti.<s"pin is designed to gSie'a leveii^c of 10 ; J, 

ft 

8 



Sli.ittcr Test for Coke. 





106 RIODEI/n' tOKING Pr|cTICE ’ 

so that tlic vvcitjhts' added, x lO.^and tofrected to a 
SoeCional ar(^'" of 1‘sq. in., givQ the desired result;! In some 
ca.ses, whilst srriall individui>l pi'/cits may sherf a .satisfactory 
compressive strength, the batch as a whole is inclined to 
break i?ito,^.sme.ll pieces or finders.'' J^l'he effect of this, in .a 
blast furnace would be quite as serious as^a, low compressive 
Strength, and various devices have been designed to g^ cfjvrect 
com[)arative tests on the friability of coke. A good method, 
shown ia Eig. 65, h'as been adopted by the Bureau of Mines, 
U.S.A/"'This consists of a box A holding 11)(' Ib.s. of coke 
mounted on a support, tlic bottom of the box being 6 ft. afrm’e 
the cast-iron shatter plate B. The bottom doors c arc released 
simultaneously by thc^cord I), giving a free fall for the poke. 

• A weighed sample is placed in the box, dropped four 
times on the cast-iron plate, the small material and dust 
being returned teCthe box each time. After this the coke is 
screened on a 'i-fn. mesh screen, the proportions passing through 
giving a relative comparison of the friability. 

C. Meissner, tJ.S. .Steel Corporation,* states that good 
physical tests for a, standard <iuality of blast furnace coke are 
shown bv the following;— 

' O ,, 



* Shatter 

Test. 

Sjiecific (ji.ivity. 

pGrCiity 
j)cr C'cnt. 

Coll Space. 

Thnmt'h 2-in. 
SciCCM 

Ovet 2-in. 
Scrt'cn 

t 

Appaienl. 

Real 

1 

1.516 

S 1 .S 1 

•976 

1-811 

47 (,‘3 

* o 

ICrll 

.s:!-89 

■9.50 

1 -821 

.17'92 

, ;i 

bPOG 

85 91 

‘ 992 

1 8:i 1 

■IG-.'il 


The writer would suggest the following as p good specifica¬ 
tion for coke s— " 

Ash, not over 10 per cent. 

Moisture, „ ' 6 „ 

Sulphur, ' „ 1 ,« 

Phosphorus, ' ’02 „ 

Pore s|)ace, tO to 5b per (^;nt.^ (furnace coke). 

•rpre spheo, 2.5 to 10 ' „ “(foundry coke). 

Compressive strength, over 1,200 lbs. per sriinre inch. 

, t ' . ' ' ' ' ' y 

> “Modeln liy-pr<vUvt Coke'Ovens.” C. A. ^reistner, American 

Iron and S,t€e'i Institute.' 




A P P'E-N'D 1X 

VUI„ 1. ■ 

The Simplex ovens are designed with vertical flucs'as :j rule, 
but where it is disired to iiist.d ovens of ^hc utmost .simp!iciT:> 
and .ase of working, a hori/.cjntal ‘lued type is recctomended, 
^‘.-Sigeneral arrangement being shown in Fij^. GG. Tl^heatmg 
gas returns by the two delivery pipes. ' . 

All the^iir which is necessary to burn the total quantity 
of ga'^enttrs in the flues A together with the gas’supphed»by 
the bu<-neis No. 1, which burners arc 'regulated according to 
the temperature it is desired to keep in the flues A. * 

A second supply of combustible gas is given by burners 
No. 2, the regulation of which affects tile temperature in 
the flues 11 . • 

A third supply of combustible gas is given by burners 
No. the regulation of which affeefs the temperature in 
the flues c. ’ , 

.Lastly, a fourth siqiply of combustftilc gas is dcliverfjd 
frorh the burners No. -if which regulates the temperature in 
the flues D. » , 

It will be seen that each burner controls the tcm|tPVaturc 
of a different flue, perfect control of temperature is obtained, 
and the said temperature clui easily be kept as low as‘is 
consisteiiliwith good coking in the up[>er flues A, and made 
to increase gradually hi the flues li, C, and I), so ifi to obtain 
a maxiiniun yield of by-products. 

I'kich oven wall is provijlcd with a single air inlet on i^ie 
coke bench side, to the exclusion of ajiy other air iiilyts. 
This causes'the working of thesp ovens to be unaffected by 
the direction rrtid strength of tlic wind. 

• The construction of the b^alft is such that their strength 
is ecfual to that of vertical fined walls of similar height and 
width, whilst,oii tht^ other hand the facilities for ^’nspection, 
•easy/cgulatioii, and the tJiickiiess of the Trails make this type 
6f oven an ideal pile to be^vorked A'ithout skilled laltiur and 
with a minimum'of supe/usioii. ’ ' 

All blocks are tonguco and ftrooveij, of sSfficii^ thickiicsf 
to prevenf cuiitractiojp when charging the oven'^ thus avoiding 
any leajra^ c.< gas between Vfie coking c'ftarrfcers ar^l 4hot 
flues during tlteVWole time of carbonSation. 
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In the Simplex l^ertical flued .waste* ficat typ(* ot' oven 
(Fig. C7), every other vertical heating flue js uni(oi]nl>- hojftjl 
by ascijgdirfg ^rning gase^^wBilst the products o( coinbustifin 
descend in thm adjacent Ijse, ‘This'construction ensures 
(yrect proportitins of air and g.as, and in conjunction the 
miml»erof gas burners (J-f, I."*, or LOjrer ovcnjwns^irc? a good 
^distribution of the beat from one end of the oven w.ill to the 
other. ..The whole of the air for combustion, cy-culating 
through tfie oven foundations on its w.ty to the heating (fluids, 
ensures a transfeft;ncc of most of the lievt ordinarily lost by 
conduction, resulting in an injrprcciable saving of hefting gas. 
• The method of heatmg the Simplex vertical fluid waste 
heat ovens may bo described as follows •— . • 

The cokl air admitted at the end of the gallery A is 
distrib^tted oy the gallery U to the vertical heating fltics 
C and V,, wliere it meets a fegul.itcd supply of gas distributed, 
through the pipes l> and K and the tajis F and ('. to the 
burners !l and it,. . 

Under the influence of the chimney draught the burning 
flames ascencf in the heating flues c antT C[ to 4)ic top 
horizontal flue r, and the products of combustion descend in 
the heating flues J and [j, passing tl^rough the openings 
K and ftj into the sole flues I., from which they reach the* 
maiji flue N by means of the conduits fi controlled by tine 
dampers n. » 

In order to prevent formation of ilack cuds an excess of 
air is supplied to the vertical heating flues C,, which excess 
of air meeting an additional quantity of gas supplied by the 
pipes P, the taps (j, and the'burncrs R ensures a secondary 
combustioB taking place in the end flues j,, so as to com¬ 
pensate fob the loss^T’heat by radiation and thereby ensure 
that Ehe ends of the coal charges are carbonised at .a sufficient^ 
high temperature. , 

Special attention is drawn to the f#ct that a unifomii 
temperatujie Is obtained throughojit tiie oven walls with only 
one r£gulating*gas cock per oven, which gas cock is. quite 
accessible in the air distributiflg ffallcry A. . 

• Iifcpection holes s arc provided at both ends of the 
horizontal top.flue I ^or the purpose of ascertainin* tha^ the 
temp^ture is absolutelj* uniform froifi* cud to ’end of 
tlte ovens. . . * 

The Simplex ♦•egenergtivc oven (Fig. (i'T possesses mayy 
novel and desirable featuies. fn the bcatin*g flui^a systenT 
of fractionSl 'aombustbtn is utihped to secure efbciency in this 
section, .whXst ‘the gas* supplj^ is con^tanf, a^’oiding* afly 
necessity for rSvcjrsing gas cocks, levera, and tlAir attendant 
mechanism. 
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The alternation the (lirectirtn of the hcatin" ";ase'»i.s • 
confined ti>, aiEacent flues, thi* subdiv'siofi naHiraliy teiulinl; 
to\vard?unifoi^ heatin^ Al* ^lic gven v»alls. iTre advantage 
of accersibilitj’ {o the i^as l'oi!ks situated on the oven loii 
\^ill be obvioiA, and tln^ |»osijion of tfle burners precludes all 
possibility of disturbanf-e through falling •jjar^iclts of biick. 
*Thc heating of this^type is as follows ;— 

Thef'jold air’ admitted by the general inlet fiiaiij flue 
M is distributed, by the conduits N into the regenerattir 
A, from.u’hencc the heated air passes thfough thc\onduit It 
jjito the sole flue 0. l''roin this it ascetjils in the. vertical 
heating flues F, and reaches the hori/.ontal flue (;?\i;herein 
it meets a first and regulated su|)ply of gas from the'burners 
II fed by^Mic pipes I, J, and I,. The air being hi execs', of 
the arfiount required to consume this'gas, the burning gases 
and surplus air travel down the heating flues F„ in ivhicl’f 
the first stage of the fractional combustion takes place, and 
.irc subsciiucntly collected in the sole fluCs K, whence they 
ascend throiiith the veilioal heating flues ft,. The mixture 
of products of coinbiistion aiul surplus air now reaches the 
flue G|, where a second supply of gas is admitted from 
burners.ll|. The gases and air now iti correct proportion 
travel down the flues F,, in which the se»ond and final stagm 
of tl'ic fractional coinhnslipn takes place, and arc suhse(|iiently 
collected in the sole flue 1), 'I'he ifinal products of com¬ 
bustion pass through the regenerator A,, thi? conduits, and 
the main due P to the chimney. 

A tap K is provided on cficii pipe I, in order to regulate 
tlic total (juantity of gas supplied to tlie liiinier'/ II and ll,, 
and so ens*ire correct [iroportions of gas and air f/ir efficient 
combustion. \Vlien*tlie regcner.itors a and A, Imvc respect¬ 
ively given lip or absorbed tlie reiinisite amount of he.»t, 
the draught is reversed. Tiie first and second stages of 
• combustion tlien take place res|)ectively*in tlie flues F, and 
F|. Tlie Ilow ^if burning gases 'Is naturally reversed in all 
tjje ffucs, l)ut the burners ll.ainl H,, witlioiit any rct'crsaf, 
s^ippl^- tile requisite quantity of gas in a eontiiAioiis fasliion. 

* • 

, Tii,* e.G.O CoMPouN* RF,GFM',p.tTr/K Coke Oven 

• * • *. 

•This oven ha^ been sitrriafly* designed witli- a view to 

effecting economies in ‘coal :«id rich ga*i, amii/ may 
worked a--* an ordinary regenerative fcoke oi(|:n*heated by 
a portion c^ifs .own gbs or as gas” oven. *}n tlie jatt^i 
case.theVhole^fjthe coke oven gas istatailablij Jor exteriya 
purppse.s, the oven tlui.^ l))emg tlioii licated b\^ prjducer gas 
blast furnaje gas, or a ifljxed gas. Tiji* typi» of ovVn is tvel. 
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worthy of consjderatijpii in the case, \)f irfeii aficl .sti*bl works, 
wher*supp!ies of blast fiircace or producfjr gas ,may be uieci 
in the ffjke’ovVi to good^iylv’hiitage, leaving tite rich colte 
oven gas availaiSle for lighting, Turnace Seating, etc. 

In this type ijf’ovcn an|^ dtjsired proportion of tlvj ovens 
irf a battery may be Epated by ccjkc oven j ga,s and the 
Remainder by p<x)$ gas. It will be ob.serveil that the 
regertera|,o^rs of tWs oven are subdivided into two [pairs, one 
pair being heated by the waste [jrodnets of combn.stion from 
the flues of a dividing wall, whilst the iiK'ividual components 
* of the other pair are being ipsed simultaneously terheat up 
pOou»gas and air respectively. The operAtion of lE'e oven 
is as follows (Figs. G!), 70, and 71):— , “ ' 

A. —Wh^m heated with |)roducer or blast hynace gas, 
the hejting gas is taken allernatucly from tlie gas mains 
1 on tlie ram side or on flic bench side of the ovens, and , 
, travels through the regulating cocks 2, the reversing valves 
3, and the channels 4 to the regenerators j7, where the gas 
is heated by passing through the hot chc(|uercd brickwork. 
The hot gas chters into the flues 0, whence “t is distributed 
into the combustion flues 7 The air for combustion is 
taken from the control [lassages 8 aljicrnatively, ^nd is 

drawn through the valves 9 and ch.uinels 10 to the ■ 

regenerators 11, and after being heated enters into flues 12/ 
whence it is distributed iifto the combustion flues 7 together 
with the hot gas. The air aiul gas fni.'c arfl ignite at the 
.bottom of the flues 7, and the [iroducts of combustion rise 
from the one-half of the ov^n w.ills and pass along the 
horizontal flues 18 into the vertical flues 7 of _thc other 

half of tlui oven walls, eventually splitting u|) yinto two 
circuits aiuf being dcirwn by way of the flues G and 12 into 
the regenerators .7 and II. .After heating the che(|uej 

‘ brickwork in the regcncratorii, the cooled g.ises pass by way 
of the channels 4 and 10 and valves ■'> and 9 into the v^aste 
heat flue I ^ which is connected with the chimney. 

Tlve travel of the air and gas is reversed every half liour. 

It’will be noted that reversiilg halves 8 arc ^connected to 
the pjor gas main, wdiiist the valves 9 communicate with 
niihe atmosphere^instea^l. ' '* , 

.* Regulation can be madr/by means of the butterfl/valves 
1.1) also by the dagi[)cr brick,s^lG^and*17. * 

5.—VVhen hea*ted with coke oven gas the rich gas i;; 
taken alternatively from the gas*mains 18 on th(^Tam side 
or on the b^noh side jf the ovens, and travel.s.»through the 
reversing, cJtks’ 19 to • the li^anneis ' wrfene'e i? i5 
distributed to the»t/ftse of the vertical' flues 7.*>The poof 
, gas is»shut off from thehAains 1, and air is ti^fnitthrj. This 



Xppendix 
























































































APPENDIX 












































110 


APPENDIX 


air is^cliVivvn t^iro'uj'h th^ valves 3 arl^ chaaiiels 4 to the 
l'i!generators 5. j^t the same time air is taken from the 
d>ntrol pasAge 8 through fnc, valves* 9 ai^ thajiriels 10 
to the rcge?iierators il. /Vftc^‘Ijcuig licaterjtin the regener¬ 
ators t^ie air travels by way ^)f the flues O^ancl l!J to the 
base of the flycs 7, whei;e it mixes*\^th the gas and ignites. 
The products of* combustion travel ovej f.o the other half 



ScctiopA-A. 3kAon B'B. 


Fii:. 71. -C.G.O. Oven, Compound Rcj^eneratlye Tyjie. 

* . 

of the oven*’wall in a similar manner to that at'ready 
dcs«.-ibe^. ' ^ , Kn-i. 

Th6 Copp6e £6. have modified-their type of oven f.) maijy 
respec?ts by utilising thd princi|)l,e of indivjdual regenerators, 
e^ich oven with its own regenerator,s forming a sclf-conta'ined 
“"unit. In Addition, the flue' system in the dividing wall is 
divided into,two symmetrical section,s, each wofKing separ- 
4tel5. Yhe^e fwp/cspectiU' sections work iiv.'conjunction 
«/ith their cvVn partictilar regenerators aitdr sole flues, so that 
the reverlinmof the fas and air aytrents afiects only one- 
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quarter of th*e len^tli of the side wall. Each regenerato* is 

dividec^ by',a ^ertic.ql pai Ulioij, etjjenditii:* the#1full height <ff 
the reget.erator, into sectio*i* ^vhicji arc li^'spectivejy connected 
with thoir corresponding section of the heating flues. The 
s;^stem is .sho\»n in di^giain* form in Eig 72, in wflich the 
two left-hand re^rencratbrs (quite irtdcpentlent and distinct) 
«ire linked up to seAions I and :> of the heating flues, whilst 
the nghftsJiand sec’tions connect with the flue sections 4 and 2, 
Gas IS distribiite^l to the Hues by means of two pafrs ftf 
removallle distributing ''cornues" or diannels, ^oerforated 
^ith apertures carefully [iropflrtioned to allow equal distribu¬ 
tion f)f gas in cadi Hue • Eich individual cornue feVd? one-, 
quarter of the oven w.ill, whilst each individual* flue is 
provided wi^h a damper at the top. • . 

Thc'speci.il anangeuieiU of ihi coriwei and dampers an I 



the very great accessibility, together with the iyslem of 
rcgul«ting cocks, provide for a )ierlcctly eijiial distribution 
of gas over every part ol the side w.dl Pig 72i shows tfic 
general layout of the Copp’ee indiviilual regenerative oveji 
.The air necessary for combustion is draidi by means of the 
chimney it'to (jne or other of th’e collecting flues iq or F,, 
ai^corfling to the iiosition oC t'»e rctersing apiiaratim, the 
ajiou^it of air being controlled by dami>ers and li., or n, 
and iq regulated from the inspection galleries, ^'he two 
’cornuci supplying tl»e rara side and the,flue dampet^ arc 
sfwiwif on the left-hand section of th-< 'Jrawing, the right-hand 
section showing t^ie cvacua?i»>n of the burnt gascir, according 
to the principle indicattd in the previous* diagriim. Th«» 
same firm Jias also introduced a compound chaPnber oven 
possessing ^ 1 ’ t^ic’abiTvq featufjra, but desigaett|So ,as jp Ije 
capable tif boyw ^cated by 1< Av gradp oifroduqpr gas, blast 
furnace gas, by its owri “rich” gas, or by a rryxfure of hign 
and low grjde gas. TU'j ^sc indiiiijual it;gener%tors 5nd 
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the subdivisieh'of th^' flues into fqifr scitionS is aJheVccI to, 
but in this case the altertiativc retjenenitors used for [f<\- 
ducer gjs .^re'^dividW by a bAfflc wall, as .shoAn in Fig ’i*4. 
If rich gas is usCid to reinfof(?e,tlfc tcnipciatures*thc cornucs 
C are brought,iftto play., Tlje regencrafoi-.s k are fej.1 alter¬ 
nately by producer g^s, etc., at (i and j)yiair at* A, the 



diagram sho\'^ng tlv^ admission of preheated gas rmd at 
ilic ba,?e of the flues. # " ■ ' 

‘ Figs. 79 and 76 show tlas^gejierai design of this coiftpound 
oveiv Considcriflg these, two diagrams in conjunction, it wjll 
be seen that producer gas is being heated in (.i, and’air in 
the two rfiecting,* and combustion ensuing, jg flues 1„ the 
products o^cohibustion* desce.'lllling in ^fj.ue'; 2*ana p.tssidg 
throhgh the re(Jer.eAtors A,, and to tile chimne^’. Similatly 
gas Jhd air heated in U/and respectively^ifieet* jn flu(;s 3, 
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the bi/rnf gases desLending through fl^es 4 to .regenerators 
G, Vnd A^, passing,thence to the chimney. The reversal of 
these currcntj'is effected by reterfing valves a< tire 9l.imney 
end of the Battery. With 'thf 'compound cy/en two sets of 
main distributing flues are uspd. ^ The poor, gas main’ is 
shown dt P, thf rich gas, when dcsirjtl being supplied* from 
the smaller main R. By a slight adjustment in the details, 
the flues (jan be heated by rich gas alone, the whole, of* the 
regenerators then being used to preheat air only. 

Of rccc/it years the possibilities of blast fifrnace or producer 
gas, as the heating agent for cpke oven flues, have'led the 
designers, of the Koppers oven to adapt their type, where* 
'desired, to meet these conditions. In this case blast furnace 
gas or prorlucer gas, with calorific values of 100 and 140 
B.Tn.U. per cubic foot respectively, must be useAsn greater 
quantity than obtains with coke" oven gas, and it is also 
necessary to preheat these gases as well as the air for com¬ 
bustion to secure the best effect. The Koppers adaptation 
is shown in Eig.' 77. During the pieheating stage the 
regenerators arc Aid with producer gas and air'alternately at 
(; and A. By reason of partition walls the flow is divided, 
and in approximately equal proportions ; producer gas and 
■air, both highly prcTicated, meet at the base of the'heating 
fl.'ics K. Combustiofi takes place, and, as in their standard 


regenerative Koppers oven, the heatctl products of combustion 
ascend in onc-h;\Jf of the oven wall, descend in the remaining 
half, giving up their ^surplus heat to the brickwork of the 
regenerators underneath, and patsing away to the chimney at 
a temperature in the region of If.00° C. The “ combination ” 
oven of th^^samc firm is a further development on .somewhat 
similar lineijj but allowing the u.se of a rich or poor gas at will 
as the heating agent. Thus the oven can be worked as an 
ordinary coke oven, using a portion of its own gas, or as a 
g.Tis oven, using producer gas in the flues, the change being 
readily made without interfering with the normal wprking of' 


the oven. 

The Bagley rapid regeneVatiVe oven (Baglcy, Mills, & Co.) 
is specially designed for rapid coking, the coking piricnJ 
varying from sixteen to twenty hours., For this purpose a 
special (juality of icfractory materii 1 is supplied to dcAil with 
the relatively high terfipfiratures .and stresses. The higher 
temperatures obtaining allow a higher yield of gas per ton of 
coal, whilst,' if desired, producer gas, water gas, or furnace 
gas may be used to heat the flues, the ,'vho'e of the oven gas 
Wing* then available for liglt'ing piirposes, etc. Individual 
re'gcncrators'are provided for each ovei,/the regenerators 
being of fne t.iultiple type. The p.a'jsages leading to and 
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from the vdVious s^tbsections are^ •carefully‘propcfrtiftned t< 
exactly regalate the air sequirements, wjiilst, in conjitnc/iqr 
the gfij sJJjpiies of the njf]iv*ldual flues can Ue regulated*bi 
means,ol*specijlly designed^iy/.»lcs. ill additiofi, a graduate! 
system of copibii'.tion ij eiigployed, a primary supiJy of pre 



Jieatefl air being admittcufat the base of flte flues, a =Jbcondar> 
admission hightv up completiiig the fombiistion. ^ * 

* •The general* features o! oven are .“jhovv^ in P'ig. ^8 
whilst inset is a diagram showing details of the adjustaHe 
nozzle.* tfeatiiif* ga» from th? main a is deliijsred to the gai 
flue B., J^oifl thence'the gaV passes ^tp the*supcrimpo?ec 
vertical flues by »ifey of the gas nozzlts C (shovm on a larfjci 
scale in the inset). Tfcbse nojjzles are visiljji? anti, accessible 
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on rcmoving'lihe cails d, and the Mow of gtfs can'bef varied 
through any^desirecf dcgo^'e by turning j:he upper and •Tree 
portio'i^of Ac noz/.f8. PretieSffed air is admit^td to the flfles 
at (; iij voluiPi; insufficfept _fo» complete combustion, the 
acWitional suijpfy requisite hjr completion being adpiittcd at 
r. Thus the zone of ipmbustion i% lengthene,d, the fcndcncy 
for localisation >of» heat at the base is removeti, and more 
uniform temperaVire of the oven wall in general ij obtained. 
The openings n at the upper end of the flues are caiefn^ly 
proportioned to‘ensure equal draught ^rn each Vine. The 
produefs of combustion pass^ into the various scctimis of the 
regonerators, and by reason of the vcrticahdividing^walls and 
the relative areas of the outlet passages J, c(iual vojumes o( 
combustion products pass through the respective ijections, and 
thencfiJiy^vay of the canal K and tln^ piston valve L t5 tlie 
waste Jieat flue M. The How of gas and air is reversed aj 
intervals in the usual manner. During the intake, the air 
.passes down the communicating flue N, which acts as a heat 
insulator with corresponding reduction in radiation losses. 
The air |)ass,fge is controlled by a wing valve r connected to 
a common actuating lever, which simultaneously operates the 
|)i.ston valve L 
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